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1
NUCLEIC ACID MOLECULES ENCODING
NOVEL HERPES ANTIGENS, VACCINE
COMPRISING THE SAME, AND METHODS
OF USE THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 13/982,457, filed Oct. 4, 2013, which is the U.S.
national phase application filed under 35 U.S.C. § 371
claiming benefit to International Patent Application No.
PCT/US12/023398, filed Jan. 31, 2012, which is entitled to
priority under 35 U.S.C § 119(e) to U.S. Provisional Patent
Application No. 61/438,089, filed Jan. 31, 2011, each of
which applications are incorporated by reference herein in
their entireties.

FIELD OF THE INVENTION

The present invention relates to nucleic acid sequences
encoding human herpes family viral (Herp) proteins and
fragments thereof; to improved herpes vaccines, improved
methods for inducing immune responses against herpes,
improved methods for prophylactically and/or therapeuti-
cally immunizing individuals against herpes viruses.

BACKGROUND OF THE INVENTION

Herpesviridae (herpesviruses or herpes family viruses) is
the name of a family of enveloped, double-stranded DNA
viruses with relatively large complex genomes. They repli-
cate in the nucleus of a wide range of vertebrate hosts,
including eight varieties isolated in humans, several each in
horses, cattle, mice, pigs, chickens, turtles, lizards, fish, and
even in some invertebrates, such as oysters. Human herpes-
virus infections are endemic and sexual contact is a signifi-
cant method of transmission for several including both
herpes simplex virus 1 and 2 (HSV-1, HSV-2), also human
cytomegalovirus (HHV-5) and likely Karposi’s sarcoma
herpesvirus (HHV-8). The increasing prevalence of genital
herpes and corresponding rise of neonatal infection and the
implication of Epstein-Barr virus (HHV-4) and Karposi’s
sarcoma herpesvirus as cofactors in human cancers create an
urgency for a better understanding of this complex, and
highly successful virus family.

The virion structure of all herpesvirus virions are com-
prised of four structural elements: 1. Core: The core consists
of a single linear molecule of dsDNA in the form of a torus.
2. Capsid: Surrounding the core is an icosahedral capsid
with a 100 nm diameter constructed of 162 capsomeres. 3.
Tegument: Between the capsid and envelope is an amor-
phous, sometimes asymmetrical, feature named the tegu-
ment. [t consists of viral enzymes, some of which are needed
to take control of the cell’s chemical processes and subvert
them to virion production, some of which defend against the
host cell’s immediate responses, and others for which the
function is not yet understood. 4. Envelope: The envelope is
the outer layer of the virion and is composed of altered host
membrane and a dozen unique viral glycoproteins. They
appear in electron micrographs as short spikes embedded in
the envelope.

The herpesvirus genomes range in length from 120 to 230
kbp with base composition from 31% to 75% G+C content
and contain 60 to 120 genes. Because replication takes place
inside the nucleus, herpesviruses can use both the host’s
transcription machinery and DNA repair enzymes to support
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a large genome with complex arrays of genes. Herpesvirus
genes, like the genes of their eukaryotic hosts, are not
arranged in operons and in most cases have individual
promoters. However, unlike eukaryotic genes, very few
herpesvirus genes are spliced.

The genes are characterized as either essential or dispens-
able for growth in cell culture. Essential genes regulate
transcription and are needed to construct the virion. Dis-
pensable genes for the most part function to enhance the
cellular environment for virus production, to defend the
virus from the host immune system and to promote cell to
cell spread. The large numbers of dispensable genes are in
reality required for a productive in vivo infection. It is only
in the restricted environment of laboratory cell cultures that
they are dispensable. All herpesvirus genomes contain
lengthy terminal repeats both direct and inverted. There are
six terminal repeat arrangements and understanding how
these repeats function in viral success is an interesting part
of current research.

Four biological properties that characterize members of
the herpesviridae family are that herpesviruses express a
large number of enzymes involved in metabolism of nucleic
acid (e.g. thymidine kinase), DNA synthesis (e.g. DNA
helicase/primase) and processing of proteins (e.g. protein
kinase); herpesviruses synthesize viral genomes and
assemble capsids within the nucleus; their productive viral
infection is accompanied by inevitable cell destruction; and
herpesviruses are able to establish and maintain a latent state
in their host and reactivate following cellular stress. Latency
involves stable maintenance of the viral genome in the
nucleus with limited expression of a small subset of viral
genes.

Herpes virus family, which includes cytomeglavirus and
herpes simplex virus, is found in the body fluids of infected
individuals including urine, saliva, breast milk, blood, tears,
semen, and vaginal fluids.

In the U.S., between 50% and 80% of adults are positive
for HCMV by the age of 40 and there is no cure. While most
infections are ‘silent’, HCMV can cause disease in unborn
babies and immunocompromised people. HCMYV in positive
mothers can lead to Down syndrome, fetal alcohol syn-
drome, and neural tube defects. Furthermore, approximately
33% of women who become infected with HCMV for the
first time during pregnancy pass the virus to unborn babies.
Currently, 1 in 150 babies is born with congenital HCMV
infection and 1 in 750 babies is born with or develops
permanent disabilities dues to HCMV. Moreover, HCMYV is
widespread in developing countries and areas of lower
socioeconomic conditions. Therefore, developing a preven-
tative and/or therapeutic vaccine against HCMV would
decrease morbidity and medical costs associated with virus-
associated illness and disease worldwide.

Current vaccine strategies using attenuated/killed virus or
recombinant proteins have been reported to yield levels of
efficacy approaching 35% at best. Since antibodies (Abs)
recognizing viral glycoproteins such as gB, gH, gM, and gN
are observed in cases of protection, it is thought that the
elicitation of neutralizing Abs against these viral surface
targets are important. Furthermore, T cell epitopes are
known to occur in particular viral proteins including UL83
(pp65), which specifically defines T-cell-based vaccine
approaches targeting pp65 epitopes.

The direct administration of nucleic acid sequences to
vaccinate against animal and human diseases has been
studied and much effort has focused on effective and effi-
cient means of nucleic acid delivery in order to yield
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necessary expression of the desired antigens, resulting
immunogenic response and ultimately the success of this
technique.

DNA vaccines have many conceptual advantages over
more traditional vaccination methods, such as live attenu-
ated viruses and recombinant protein-based vaccines. DNA
vaccines are safe, stable, easily produced, and well tolerated
in humans with preclinical trials indicating little evidence of
plasmid integration [Martin, T., et al., Plasmid DNA malaria
vaccine: the potential for genomic integration after intra-
muscular injection. Hum Gene Ther, 1999. 10(5): p. 759-68;
Nichols, W. W., et al., Potential DNA vaccine integration
into host cell genome. Ann N Y Acad Sci, 1995. 772: p.
30-9]. In addition, DNA vaccines are well suited for
repeated administration due to the fact that efficacy of the
vaccine is not influenced by pre-existing antibody titers to
the vector [Chattergoon, M., J. Boyer, and D. B. Weiner,
Genetic immunization: a new era in vaccines and immune
therapeutics. FASEB I, 1997. 11(10): p. 753-63]. However,
one major obstacle for the clinical adoption of DNA vac-
cines has been a decrease in the platform’s immunogenicity
when moving to larger animals [Liu, M. A. and J. B. Ulmer,
Human clinical trials of plasmid DNA vaccines. Adv Genet,
2005. 55: p. 25-40]. Recent technological advances in the
engineering of DNA vaccine immunogen, such has codon
optimization, RNA optimization and the addition of immu-
noglobulin leader sequences have improved expression and
immunogenicity of DNA vaccines [Andre, S., et al.,
Increased immune response elicited by DNA vaccination
with a synthetic gp 120 sequence with optimized codon
usage. J Virol, 1998. 72(2): p. 1497-503; Deml, L., et al.,
Multiple effects of codon usage optimization on expression
and immunogenicity of DNA candidate vaccines encoding
the human immunodeficiency virus type 1 Gag protein. J
Virol, 2001. 75(22): p. 10991-1001; Laddy, D. J., et al,,
Immunogenicity of novel consensus-based DNA vaccines
against avian influenza. Vaccine, 2007. 25(16): p. 2984-9;
Frelin, L., et al., Codon optimization and mRNA amplifi-
cation effectively enhances the immunogenicity of the hepa-
titis C virus nonstructural 3/4A gene. Gene Ther, 2004.
11(6): p. 522-33], as well as, recently developed technology
in plasmid delivery systems such as electroporation [Hirao,
L. A, et al., Intradermal/subcutancous immunization by
electroporation improves plasmid vaccine delivery and
potency in pigs and rhesus macaques. Vaccine, 2008. 26(3):
p. 440-8; Luckay, A., et al., Effect of plasmid DNA vaccine
design and in vivo electroporation on the resulting vaccine-
specific immune responses in rhesus macaques. J Virol,
2007. 81(10): p. 5257-69; Ahlen, G., et al., In vivo elec-
troporation enhances the immunogenicity of hepatitis C
virus nonstructural 3/4A DNA by increased local DNA
uptake, protein expression, inflammation, and infiltration of
CD3+ T cells. J Immunol, 2007. 179(7): p. 4741-53]. In
addition, studies have suggested that the use of consensus
immunogens can be able to increase the breadth of the
cellular immune response as compared to native antigens
alone [Yan, J., et al., Enhanced cellular immune responses
elicited by an engineered HIV-1 subtype B consensus-based
envelope DNA vaccine. Mol Ther, 2007. 15(2): p. 411-21;
Rolland, M., et al., Reconstruction and function of ancestral
center-of-tree human immunodeficiency virus type 1 pro-
teins. J Virol, 2007. 81(16): p. 8507-14].

One method for delivering nucleic acid sequences such as
plasmid DNA is the electroporation (EP) technique. The
technique has been used in human clinical trials to deliver
anti-cancer drugs, such as bleomycin, and in many preclini-
cal studies on a large number of animal species.
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There remains a need for nucleic acid constructs that
encode herpesvirus antigens and for compositions useful to
induce immune responses against herpesviruses. There
remains a need for effective vaccines against herpesviruses
that are economical and effective.

SUMMARY OF THE INVENTION

In one aspect of the invention, there are nucleic acid
molecules comprising a coding sequence for a herpes virus
antigen encoding one or more proteins selected from the
group consisting of: proteins comprising SEQ ID NO:2;
proteins that is 95% homologous to SEQ ID NO:2; proteins
comprising SEQ ID NO:4; proteins that are 95% homolo-
gous to SEQ ID NO:4; proteins comprising SEQ ID NO:6;
proteins that are 95% homologous to SEQ ID NO:6; proteins
comprising SEQ ID NO:8; proteins that are 95% homolo-
gous to SEQ ID NO:8; proteins comprising SEQ ID NO:10;
proteins that are 95% homologous to SEQ ID NO:10;
proteins comprising SEQ ID NO:12; proteins that are 95%
homologous to SEQ ID NO:12; proteins comprising SEQ 1D
NO:14; proteins that are 95% homologous to SEQ ID
NO:14; proteins comprising SEQ ID NO:16; proteins that
are 95% homologous to SEQ ID NO:16; proteins compris-
ing SEQ ID NO:18; proteins that are 95% homologous to
SEQ ID NO:18; proteins comprising proteins comprising
SEQ ID NO:20; proteins that are 95% homologous to SEQ
ID NO:20; proteins comprising SEQ ID NO:85, proteins
that are 95% homologous to SEQ ID NO:85; proteins
comprising HSV1-gH (N-terminal region up to position 838
of SEQ ID NO:87), proteins that are 95% homologous to
HSV1-gH; proteins comprising HSV1-gl. (C-terminal
region from position 846 of SEQ ID NO:87), proteins that
are 95% homologous to HSV1-gl; proteins comprising
HSV1-gC (N-terminal region up to position 511 of SEQ TD
NO:89), proteins that are 95% homologous to HSV1-gC;
proteins comprising HSV1-gD (C-terminal region from
position 519 of SEQ ID NO:89), proteins that are 95%
homologous to HSV1-gD; proteins comprising SEQ ID
NO:91, proteins that are 95% homologous to SEQ ID
NO:91; proteins comprising HSV2-gH (N-terminal region
up to position 838 of SEQ ID NO:93), proteins that are 95%
homologous to HSV2-gH; proteins comprising HSV2-gl,
(C-terminal region from position 846 of SEQ ID NO:93),
proteins that are 95% homologous to HSV2-gl.; proteins
comprising HSV2-gC (N-terminal region up to position 480
of SEQ ID NO:95), proteins that are 95% homologous to
HSV2-gC; proteins comprising HSV2-gD (C-terminal
region from position 488 of SEQ ID NO:95), proteins that
are 95% homologous to HSV2-gD; proteins comprising
SEQ ID NO:97, proteins that are 95% homologous to SEQ
1D NO:97; proteins comprising VZV-gH (N-terminal region
up to position 841 of SEQ TD NO:99), proteins that are 95%
homologous to VZV-gH; proteins comprising VZV-gl,
(C-terminal region from position 849 of SEQ ID NO:99),
proteins that are 95% homologous to VZV-gl; proteins
comprising VZV-gM (N-terminal region up to position 435
of SEQ ID NO:101), proteins that are 95% homologous to
VZV-gM; proteins comprising VZV-gN (C-terminal region
from position 443 of SEQ ID NO:101), proteins that are
95% homologous to VZV-gN; proteins comprising SEQ 1D
NO:103, proteins that are 95% homologous to SEQ ID
NO:103; proteins comprising CeHV1-gH (N-terminal
region up to position 858 of SEQ ID NO:105), proteins that
are 95% homologous to CeHV1-gH; proteins comprising
CeHV1-gl (C-terminal region from position 866 of SEQ ID
NO:105), proteins that are 95% homologous to CeHV1-gL;
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proteins comprising CeHV1-gC (N-terminal region up to
position 467 of SEQ ID NO:107), proteins that are 95%
homologous to CeHV1-gC; proteins comprising CeHV1-gD
(C-terminal region from position 475 of SEQ ID NO:107),
proteins that are 95% homologous to CeHV1-gD; proteins
comprising VZV-gE (N-terminal region up to position 623
of SEQ ID NO:109), proteins that are 95% homologous to
VZV-gE; proteins comprising VZV-gl (C-terminal region
from position 631 of SEQ ID NO:109), proteins that are
95% homologous to VZV-gl; proteins comprising SEQ 1D
NO:111, proteins that are 95% homologous to SEQ ID
NO:111; and proteins comprising SEQ ID NO:113, proteins
that are 95% homologous to SEQ ID NO:113; and immu-
nogenic fragments thereof comprising at least 10 amino
acids.

In some examples, proteins set forth above comprise a
signal peptide, such as for example the IgE signal peptide
(SEQ ID NO: 61) (e.g. SEQ ID NOs: 22, 24, 26, 28, 30, 32,
34,36, 38 and 40) and/or an antigenic tag such as the HA Tag
(SEQ ID NO: 62) (e.g. SEQ ID NOs: 42, 44, 46, 48, 50, 52,
54, 56, 58 and 60). Further, one or more proteins set forth
above may be linked to each other to form a fusion protein.
In some examples, the proteins are linked by way of a
proteolytic cleavage site such as the furin site (SEQ ID NO:
63) (e.g. SEQ ID NOs:65, 67, 69, 71, 73, 75, 87, 89, 93, 95,
99, 101, 105, and 107).

Nucleic acid molecules comprising sequences that encode
one or more protein molecules set forth above are also
provided. In some embodiments, the nucleic acid molecule
comprises a sequence selected from the group consisting of:
nucleic acid sequences comprising SEQ ID NO:1; nucleic
acid sequences that are 95% homologous to SEQ ID NO:1;
nucleic acid sequences comprising SEQ ID NO:3; nucleic
acid sequences that are 95% homologous to SEQ TD NO:3;
nucleic acid sequences comprising SEQ TD NO:5; nucleic
acid sequences that are 95% homologous to SEQ ID NO:5;
nucleic acid sequences comprising SEQ ID NO:7; nucleic
acid sequences that are 95% homologous to SEQ ID NO:7;
nucleic acid sequences comprising SEQ ID NO:9; nucleic
acid sequences that are 95% homologous to SEQ ID NO:9;
nucleic acid sequences comprising SEQ ID NO:11; nucleic
acid sequences that are 95% homologous to SEQ ID NO:11;
nucleic acid sequences comprising SEQ ID NO:13; nucleic
acid sequences that are 95% homologous to SEQ ID NO:13;
nucleic acid sequences comprising SEQ ID NO:15; nucleic
acid sequences that are 95% homologous to SEQ ID NO:15;
nucleic acid sequences comprising SEQ ID NO:17; nucleic
acid sequences that are 95% homologous to SEQ ID NO:17;
nucleic acid sequences comprising SEQ ID NO:19; nucleic
acid sequences that are 95% homologous to SEQ ID NO:19;
nucleic acid sequences comprising SEQ ID NO:86; nucleic
acid sequences that are 95% homologous to SEQ ID NO:86;
nucleic acid sequences comprising DNA sequence encoding
HSV1-gH; nucleic acid sequences that are 95% homologous
to DNA sequence encoding HSV1-gH; nucleic acid
sequences comprising DNA sequence encoding HSV1-gL;
nucleic acid sequences that are 95% homologous to DNA
sequence encoding HSV1-gl.; nucleic acid sequences com-
prising DNA sequence encoding HSV1-gC; nucleic acid
sequences that are 95% homologous to DNA sequence
encoding HSV1-gC; nucleic acid sequences comprising
DNA sequence encoding HSV1-gD; nucleic acid sequences
that are 95% homologous to DNA sequence encoding
HSV1-gD; nucleic acid sequences comprising SEQ ID
NO:92; nucleic acid sequences that are 95% homologous to
SEQ ID NO:92; nucleic acid sequences comprising DNA
sequence encoding HSV2-gH; nucleic acid sequences that
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are 95% homologous to DNA sequence encoding HSV2-gH;
nucleic acid sequences comprising DNA sequence encoding
HSV2-gl; nucleic acid sequences that are 95% homologous
to DNA sequence encoding HSV2-gl.; nucleic acid
sequences comprising DNA sequence encoding HSV2-gC;
nucleic acid sequences that are 95% homologous to DNA
sequence encoding HSV2-gC; nucleic acid sequences com-
prising DNA sequence encoding HSV2-gD; nucleic acid
sequences that are 95% homologous to DNA sequence
encoding HSV2-gD; nucleic acid sequences comprising
SEQ ID NO:98; nucleic acid sequences that are 95%
homologous to SEQ ID NO:98; nucleic acid sequences
comprising DNA sequence encoding VZV-gH; nucleic acid
sequences that are 95% homologous to DNA sequence
encoding VZV-gH; nucleic acid sequences comprising DNA
sequence encoding VZV-gL; nucleic acid sequences that are
95% homologous to DNA sequence encoding VZV-gl;
nucleic acid sequences comprising DNA sequence encoding
VZV-gM; nucleic acid sequences that are 95% homologous
to DNA sequence encoding VZV-gM; nucleic acid
sequences comprising DNA sequence encoding VZV-gN;
nucleic acid sequences that are 95% homologous to DNA
sequence encoding VZV-gN; nucleic acid sequences com-
prising SEQ ID NO:104; nucleic acid sequences that are
95% homologous to SEQ ID NO:104; nucleic acid
sequences comprising DNA sequence encoding CeHV1-gH;
nucleic acid sequences that are 95% homologous to DNA
sequence encoding CeHV1-gH; nucleic acid sequences
comprising DNA sequence encoding CeHV1-gl.; nucleic
acid sequences that are 95% homologous to DNA sequence
encoding CeHV1-gl.; nucleic acid sequences comprising
DNA sequence encoding CeHV1-gC; nucleic acid
sequences that are 95% homologous to DNA sequence
encoding CeHV1-gC; nucleic acid sequences comprising
DNA sequence encoding CeHV1-gD; nucleic acid
sequences that are 95% homologous to DNA sequence
encoding CeHV1-gD; nucleic acid sequences comprising
DNA sequence encoding VZV-gE; nucleic acid sequences
that are 95% homologous to DNA sequence encoding VZV-
gE; nucleic acid sequences comprising DNA sequence
encoding VZV-gl; nucleic acid sequences that are 95%
homologous to DNA sequence encoding VZV-gl; nucleic
acid sequences comprising SEQ ID NO:112; nucleic acid
sequences that are 95% homologous to SEQ ID NO:112; and
nucleic acid sequences comprising SEQ ID NO:114; nucleic
acid sequences that are 95% homologous to SEQ ID
NO:114; and fragments thereof that comprise nucleic acid
sequences encoding immunogenic fragments comprising at
least 10 amino acids.

In some examples, the nucleic acid sequences encode
proteins that further comprise a signal peptide, such as for
example the IgE signal peptide (DNA sequence encoding
SEQ ID NO: 61) (e.g. SEQ ID NOs: 21, 23, 25, 27, 29, 31,
33,35,37 and 39) and/or an antigenic tag such as the HA Tag
(DNA sequence encoding SEQ ID NO:62) (e.g. SEQ ID
NOs: 41,43, 45,47, 49, 51, 53, 55, 57 and 59). Further, one
or more nucleic acid sequences may be linked to each other
to form a chimeric gene that encodes a fusion protein. In
some examples, the nucleic acid sequences encode proteins
that are linked by way of a proteolytic cleavage site such as
the furin site (DN A sequence encoding SEQ ID NO:63) (e.g.
SEQ ID NOs:64, 66, 68, 70, 72, 74, 88, 90, 94, 96, 100, 102,
106, 108, and 110).

In some embodiments, the nucleic acid molecules com-
prising sequences that encode one or more protein molecules
set forth above are also provided in combination with a
different second nucleic acid sequence, wherein the second
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nucleic acid sequence encodes a protein selected from the
group consisting of: HCMV gB, HCMV gM, HCMV gN,
HCMV gH, HCMV gI, HCMV gO, HCMV-ULI31a,
HCMV-UL130, HCMV-UL128, HCMV-ULg3, HSV1-gB,
HSV1-gH, HSV1-gl, HSV1-gC, HSV1-gD, HSV2-gB,
HSV2-gH, HSV2-gl, HSV2-gC, HSV2-gD, VZV-gB,
VZV-gH, VZV-gl., VZV-gM, VZV-¢gN, VZV-gE, VZV-gl,
VZV-gC, VZV-gK, CeHV1-gB, CeHV1-gH, CeHVI1-gL,
CeHV1-gC, and CeHV1-gD. Preferably, an HCMV
sequence will be combined with a different second HCMV
sequence; an HSV1 sequence will be combined with a
different second HSV1 sequence; an HSV2 sequence will be
combined with a different second HSV2 sequence; an
CeHV1 sequence will be combined with a different second
CeHV1 sequence; and a VZV sequence will be combined
with a different second VZV sequence.

Another aspect of the present invention includes compo-
sitions that comprise one or more of the nucleic acid
molecules provided herein.

Some aspects of the invention provide method of inducing
an immune response against a herpes virus antigen com-
prising administering the nucleic acid molecules provided
herein. Preferably the herpes virus antigens comprise
HCMYV, HSV1, HSV2, CeHV1, and VZV antigens.

Additional aspects of the invention provide methods of
protecting an individual from herpes virus infection com-
prising administering the nucleic acid molecules provided
herein. In some embodiments, the individual is an individual
who has been diagnosed with herpes virus infection.

In another aspect of the invention, there are proteins
selected from the group consisting of: a protein comprising
SEQ ID NO:2; a protein that is 95% homologous to SEQ ID
NO:2; a protein comprising SEQ ID NO:4; a protein that is
95% homologous to SEQ ID NO:4; a protein comprising
SEQ ID NO:6; a protein that is 95% homologous to SEQ ID
NO:6; a protein comprising SEQ ID NO:8; a protein that is
95% homologous to SEQ ID NO:8; a protein comprising
SEQ ID NO:10; a protein that is 95% homologous to SEQ
1D NO:10; a protein comprising SEQ ID NO:12; a protein
that is 95% homologous to SEQ ID NO:12; a protein
comprising SEQ ID NO:14; a protein that is 95% homolo-
gous to SEQ ID NO:14; a protein comprising SEQ TD
NO:16; a protein that is 95% homologous to SEQ TD
NO:16; a protein comprising SEQ ID NO:18; a protein that
is 95% homologous to SEQ ID NO:18; a protein comprising
a protein comprising SEQ ID NO:20; a protein that is 95%
homologous to SEQ ID NO:20; a protein comprising SEQ
1D NO:85, proteins that are 95% homologous to SEQ ID
NO:85; a protein comprising HSV1-gH (N-terminal region
up to position 838 of SEQ ID NO:87), proteins that are 95%
homologous to HSV1-gH; a protein comprising HSV1-gl,
(C-terminal region from position 846 of SEQ ID NO:87),
proteins that are 95% homologous to HSV1-gl.; a protein
comprising HSV1-gC (N-terminal region up to position 511
of SEQ ID NO:89), proteins that are 95% homologous to
HSV1-gC; a protein comprising HSV1-gD (C-terminal
region from position 519 of SEQ ID NO:89), proteins that
are 95% homologous to HSV1-gD; a protein comprising
SEQ ID NO:91, proteins that are 95% homologous to SEQ
ID NO:91; a protein comprising HSV2-gH (N-terminal
region up to position 838 of SEQ ID NO:93), proteins that
are 95% homologous to HSV2-gH; a protein comprising
HSV2-gl. (C-terminal region from position 846 of SEQ ID
NO:93), proteins that are 95% homologous to HSV2-gl; a
protein comprising HSV2-gC (N-terminal region up to posi-
tion 480 of SEQ ID NO:95), proteins that are 95% homolo-
gous to HSV2-gC; a protein comprising HSV2-gD (C-ter-
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minal region from position 488 of SEQ ID NO:95), proteins
that are 95% homologous to HSV2-gD; a protein comprising
SEQ ID NO:97, proteins that are 95% homologous to SEQ
1D NO:97; a protein comprising VZV-gH (N-terminal region
up to position 841 of SEQ ID NO:99), proteins that are 95%
homologous to VZV-gH; a protein comprising VZV-gl,
(C-terminal region from position 849 of SEQ ID NO:99),
proteins that are 95% homologous to VZV-gl,; a protein
comprising VZV-gM (N-terminal region up to position 435
of SEQ ID NO:101), proteins that are 95% homologous to
VZV-gM; a protein comprising VZV-gN (C-terminal region
from position 443 of SEQ ID NO:101), proteins that are
95% homologous to VZV-gN; a protein comprising SEQ 1D
NO:103, proteins that are 95% homologous to SEQ ID
NO:103; a protein comprising CeHV1-gH (N-terminal
region up to position 858 of SEQ ID NO:105), proteins that
are 95% homologous to CeHV1-gH; a protein comprising
CeHV1-gl (C-terminal region from position 866 of SEQ ID
NO:105), proteins that are 95% homologous to CeHV1-gL;
a protein comprising CeHV1-gC (N-terminal region up to
position 467 of SEQ ID NO:107), proteins that are 95%
homologous to CeHV1-gC; a protein comprising CeHV1-
gD (C-terminal region from position 475 of SEQ TD
NO:107), proteins that are 95% homologous to CeHV1-gD;
a protein comprising VZV-gE (N-terminal region up to
position 623 of SEQ ID NO:109), proteins that are 95%
homologous to VZV-gE; a protein comprising VZV-gl
(C-terminal region from position 631 of SEQ ID NO:109),
proteins that are 95% homologous to VZV-gl; a protein
comprising SEQ ID NO:111, proteins that are 95% homolo-
gous to SEQ ID NO:111; and a protein comprising SEQ ID
NO:113, proteins that are 95% homologous to SEQ ID
NO:113; and immunogenic fragments thereof comprising at
least 10 amino acids.

In some embodiments, there are provided methods of
inducing an immune response against a herpes virus infec-
tion comprising delivering to an individual the proteins
provided herein. In some embodiments, the individual is an
individual who has been diagnosed with herpes virus infec-
tion.

Aspects of the invention relate to method of generating a
multivalent vaccine against a herpes family virus, compris-
ing: performing phylogenetic and molecular evolutionary
analysis to estimate diversity among clinically relevant and
publically available target protein sequences of the herpes
virus; selecting at least two target protein sequence from the
group comprising: a) a specific, clinically relevant subgroup
of a divergent protein; or b) a highly conserved protein;
generating a consensus sequence from the selected target
protein sequences; and cloning the consensus target protein
sequences from the generating step into one or more expres-
sion constructs for formulation of the multivalent vaccine. In
some embodiments, the the selecting step comprises select-
ing target proteins that are associated to one another as part
of'abiological complex expressed by a herpes virus. In some
embodiments, the selected target proteins are surface anti-
gens. In some embodiments the surface antigens are selected
from the group consisting of gH, gl., gM, gN, gC, and gD.
In some embodiments, the surface antigens are gH and gl..
In some embodiments, the specific, clinically relevant sub-
group of a divergent protein further comprises, selecting a
clinically relevant strain of the herpes virus that has pas-
saged no more than four times in culture. In some embodi-
ments, the step of selecting the specific, clinically relevant
subgroup of a divergent protein further comprises, selecting
a clinically relevant strain of the herpes virus that has
passaged no more than six times in culture. In some embodi-
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ments, the herpes family virus is selected from the group
consisting of CMV, HSV1, HSV2, VZV, CeHV1, EBYV,
roseolovirus, Kaposi’s sarcoma-associated herpesvirus, and
MuHV.

Another aspect of the invention comprises methods of
generating a multivalent vaccine against a herpes family
virus, comprising: performing phylogenetic and molecular
evolutionary analysis to estimate diversity among clinically
relevant and publically available target protein sequences of
the herpes virus; selecting at least two target protein
sequence from the group comprising: a) a specific, clinically
relevant subgroup of a divergent protein; or b) a highly
conserved protein; generating a consensus sequence from
the selected target protein sequences; and cloning the con-
sensus target protein sequences from the generating step into
one or more expression constructs for formulation of the
multivalent vaccine. The expression constructs can be for-
mulated with known and available pharmaceutically accept-
able excipients. In some embodiments, the multivalent vac-
cines can also include a known vaccine adjuvant, preferably
1L-12, IL-15, 1L-28, and RANTES.

In some embodiments the herpes family virus is selected
from CMV, HSV1, HSV2, VZV, CeHV1, EBYV, roseolovi-
rus, Kaposi’s sarcoma-associated herpesvirus, or MuHYV,
and preferably, CMV, HSV1, HSV2, CeHV1 or VZV.

In some embodiments, the selected target proteins are
those associated to one another as part of a biological
complex expressed by a herpes virus. Preferably, the
selected target proteins are surface antigens, more preferably
antigens gH, gl., gM, gN, gC, and gD, and even more
preferably the surface antigens are gH and gl..

In some embodiments, the step of selecting the specific,
clinically relevant subgroup of a divergent protein further
comprises, selecting a clinically relevant strain of the herpes
virus that has passaged no more than four times in culture,
and preferably no more than six times.

Aspects of the invention relates to vaccines against
viruses of the herpes families which comprise coding
sequence for two or more antigens. In some embodiments,
two or more such antigens are provided on the same vector
such as a plasmid to ensure co-expression of both antigens
in the same cell. Various permutations of antigens are
provided as are various arrangements in which multiple
plasmids are provided encoding such multiple antigens
including embodiments in which two or more such antigens
are provided on the same vector. For example, co-expression
of the the combination of gH and gL. antigens from HCMV
and HSV1 have both been observed to provide antigen
transport to the cell surface which does not occur when
proteins are expressed in the absence of each other. Data
show the coexpression of gH and gl provide more effective
immune targets than when proteins are expressed in the
absence of each other. According to aspects of the invention,
multiple antigens may be delivered as coding sequences to
provide effective vaccines. in some embodiments, coding
sequences for multiple antigens are provided on single
vectors such as single plasmids.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a map of the pVax1 variant used as a backbone
for plasmids with herpes virus coding sequence inserts. The
sequence of the pVax1 Variant is set forth in SEQ ID NO:76.

FIG. 2 is a plasmid map of plasmid 1 described in
Example 1. Plasmid 1 is also referred to as pHCMVgB or
pHCMVgB_pVAX1. The sequence of pHCMVgB_pVAX1
is set forth in SEQ ID NO:77.
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FIG. 3 is a plasmid map of plasmid 2 described in
Example 1. Plasmid 2 is also referred to as pHCMVgMgN
or pHCMVgMgN_pVAXI1. The sequence of pHCMVg-
MgN_pVAXI1 is set forth in SEQ ID NO:78.

FIG. 4 is a plasmid map of plasmid 3 described in
Example 1. Plasmid 3 is also referred to as pHCMVgHgl. or
pHCMVgHgl. pVAX1. The sequence of pHCMVgH-
gl_pVAXI1 is set forth in SEQ ID NO:79.

FIG. 5 is a plasmid map of plasmid 4 described in
Example 1. Plasmid 4 is also referred to as pHCMVgO or
pHCMVgO_pVAXI1. The sequence of pHCMVgO_pVAX1
is set forth in SEQ ID NO:80.

FIG. 6 is a plasmid map of plasmid 5 described in
Example 1. Plasmid 5 is also referred to as pHCMVgUL or
pHCMVgUL_pVAX1. The sequence of pHCM-
VgUL_pVAXI is set forth in SEQ ID NO:81.

FIG. 7 is a plasmid map of modified plasmid 1 described
in Example 1. Modified plasmid 1 is different from plasmid
1 in that modified plasmid 1 does not contain coding
sequences for HA Tags linked to the coding sequences for
HCMYV gB antigen sequence. Modified plasmid 1 is also
referred to as pHCMVgB or pHCMV_gB_pVAX1. The
sequence of pHCMV_gB_pVAXI1 is set forth in SEQ ID
NO:82.

FIG. 8 is a plasmid map of modified plasmid 3 described
in Example 1. Modified plasmid 3 is different from plasmid
3 in that modified plasmid 3 does not contain coding
sequences for HA Tags linked to the coding sequences for
HCMYV gH and gl antigen sequences. Modified plasmid 3 is
also referred to as pHCMVgHgl. or pHCMV_gH-
gl._pVAXI1. The sequence of pHCMV_gHgl, pVAXI1 is set
forth in SEQ ID NO:83.

FIG. 9 is a plasmid map of modified plasmid 6 described
in Example 1. Modified plasmid 6 is different from plasmid
6 (not shown) in that modified plasmid 6 does not contain
coding sequences for HA Tags linked to the coding
sequences for HCMV gUS83 antigen sequence. Modified
plasmid 6 is also referred to as pHCMVgUS83 or
pHCMV_ULS3_pVAXI1. The sequence of
pHCMV_ULS83_pVAX1 is set forth in SEQ ID NO:84.

FIG. 10 shows data from experiments identifying immu-
nodominant epitopes of HCMV-gB using plasmid 1.

FIG. 11 shows data from experiments identifying immu-
nodominant epitopes of HCMV-gH and HCMV-gL. using
plasmid 3.

FIG. 12 shows data from experiments identifying immu-
nodominant epitopes of HCMV-gM and HCMV-gN using
plasmid 2 and of HMCV-gO using plasmid 4.

FIG. 13 shows data from experiments identifying immu-
nodominant epitopes of HCMV-ULS83 using modified plas-
mid 6 and HCMV-UL131A, HCMV-UL130, and HCMV-
UL128 using plasmid 5.

FIG. 14 shows neutralizing antibody titers of mouse
serum from mice immunized with HCMYV proteins. The data
is expressed as a geometric mean of 3 values with 95% CI.
Life-extended HFF (human foreskin fibroblasts) cells were
used.

FIG. 15 shows a summary of DNA vaccine data.

FIG. 16a-e shows graphs that show (a) two groups of
mice were immunized twice with 35 ug of pHCMV-NP in
which the genetic sequences differed, derived from the virus
(Native) or optimized for expression in mice (Optimized),
but the encoded amino acids were identical. Splenocytes
were harvested 8 days after the second immunization and
NP-specific T cells were assessed by ELISPOT. (b) Mice
were immunized twice with pHCMV-NP, either with or
without EP, pVAX with EP (n=10), or with 2x10° PFU
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HCMYV ip. (n=5). Mice were challenged with 20LD,,
HCMYV ic. 8 weeks after the second immunization or
HCMYV acute infection and survival data are shown. (c)
Mice were immunized one, two, three or four times with or
without EP, pVAX four times with EP, or HCMV acute
infected. NP-specific 1gG responses were evaluated 7 days
following each immunization, or 60 days post-HCMYV infec-
tion, and data are shown. (d) Mice were immunized twice
with either 35 ng pHCMV-NP with EP or 45 pg of pHCMV-
GP with EP, and viral protein-specific T cell immunity was
assessed 8 days later. (e) Mice were given a single injection
of 35 pug of pHCMV-NP with EP or 45 ng of pHCMV-GP
with EP, pVAX with EP (n=10), or with 2x10° PFU HCMV
1.p. (n=5) and were later challenged with 20LD,, HCMV i.c.
8 weeks after the vaccination or infection. Survival data for
each group of mice are shown.

FIG. 17a-j shows schematic of phylogenetic trees of
HCMYV putative vaccine protein immunogens from publi-
cally available sources are shown. Amino acid sequences
were multiple-aligned with ClustalW and cluster analysis
was performed by maximum-likelihood method. The sig-
nificance of the unrooted phylogenetic trees was verified by
bootstrap analysis and significant support values (=80%;
1,000 bootstrap replicates) are indicated by asterisks at
major nodes. Major reported genotypes are illustrated, per-
centages are amino acid identity positions of all full-length
sequences, and reference strains are indicated;
AD—ADI169, DV—Davis, JH—JHC, JP—IJP, ML—Mer-
lin, TO—Toledo, TN—Towne, VR—VR 1814. DNA vac-
cine-encoded HCMV immunogens are also shown (Vac).
Scale bars signify distance of amino acids per site and
analyses were conducted using MEGA version 5.

FIG. 18a-d shows graphs and images that depict nascent
co-expression of structurally-relevant HCMV immunogens
induces robust immunity, including a) a graph of HCMV:
gB, gM, gN, gH, g, gO, UL128, UL130, UL131A, and
ULS83 domains showing immunicity (see also FIGS. 10-13
for different graphical display of same data); b) images
showing character of immune response; c) images for
HCMV: ULS83, gO, gB, gMgN, UL, and gHgl., and d)
percent CD44+ IFNg+ T cells for HCMV: ULS83, gO, gB,
gMgN, UL, and gHgl..

FIG. 19a-b shows graphs that neutralization data for: a)
50% neutralization levels for HCMV: gB, gMgN, gHgl ., gO,
UL, and ULS83, and b) 50% neutralization levels for CMV
only, seropositive serum, and HCMV-gHgl. immunized
serum.

FIG. 20a-b shows graphs that depict neutralization levels
for a) neutralization against HSV-1 (strain NS) by HSV1-gB
and HSV1-gCgD immunized serum; and b) neutralization
against HSV-2 (strain MS) by HSV2-gB and HSV2-gCgD
immunized serum.

DETAILED DESCRIPTION
1. Definitions

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting. As used in the specification and the appended
claims, the singular forms “a,” “an” and “the” include plural
referents unless the context clearly dictates otherwise.

For recitation of numeric ranges herein, each intervening
number there between with the same degree of precision is
explicitly contemplated. For example, for the range of 6-9,

the numbers 7 and 8 are contemplated in addition to 6 and
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9, and for the range 6.0-7.0, the numbers 6.0, 6.1, 6.2, 6.3,
6.4, 6.5, 6.6, 6.7, 6.8, 6.9, and 7.0 are explicitly contem-
plated.

a. Adjuvant

“Adjuvant” as used herein means any molecule added to
the DNA plasmid vaccines described herein to enhance the
immunogenicity of the antigens encoded by the DNA plas-
mids and the encoding nucleic acid sequences described
hereinafter.

b. Antibody

“Antibody” as used herein means an antibody of classes
IgG, IgM, IgA, IgD or IgE, or fragments, fragments or
derivatives thereof, including Fab, F(ab")2, Fd, and single
chain antibodies, diabodies, bispecific antibodies, bifunc-
tional antibodies and derivatives thereof. The antibody can
be an antibody isolated from the serum sample of mammal,
a polyclonal antibody, affinity purified antibody, or mixtures
thereof which exhibits sufficient binding specificity to a
desired epitope or a sequence derived therefrom.

c. Coding Sequence

“Coding sequence” or “encoding nucleic acid” as used
herein means the nucleic acids (RNA or DNA molecule) that
comprise a nucleotide sequence which encodes a protein.
The coding sequence can further include initiation and
termination signals operably linked to regulatory elements
including a promoter and polyadenylation signal capable of
directing expression in the cells of an individual or mammal
to whom the nucleic acid is administered.

d. Complement

“Complement” or “complementary” as used herein means
anucleic acid can mean Watson-Crick (e.g., A-T/U and C-G)
or Hoogsteen base pairing between nucleotides or nucleotide
analogs of nucleic acid molecules.

e. Consensus or Consensus Sequence

“Consensus” or “consensus sequence” as used herein
means a polypeptide sequence based on analysis of an
alignment of multiple subtypes of a particular herpes family
virus, comprising HCMV, HSV1, HSV2, CeHV1, VZV,
Epstein-Barr virus (EBV), roseolovirus (or herpes lympho-
tropic virus), Kaposi-s sarcoma-associated herpesvirus, and
murine gammaherpesvirus (MuHV-4), preferably HCMYV,
HSV1, HSV2, CeHV1, VZV, and more preferably HCMV,
HSV1, HSV2, and VZV antigen. Nucleic acid sequences
that encode a consensus polypeptide sequence may be
prepared. Vaccines comprising proteins that comprise con-
sensus sequences and/or nucleic acid molecules that encode
such proteins can be used to induce broad immunity against
multiple subtypes or serotypes of a particular HCMV anti-
gen.

f. Constant Current

“Constant current” as used herein means a current that is
received or experienced by a tissue, or cells defining said
tissue, over the duration of an electrical pulse delivered to
same tissue. The electrical pulse is delivered from the
electroporation devices described herein. This current
remains at a constant amperage in said tissue over the life of
an electrical pulse because the electroporation device pro-
vided herein has a feedback element, preferably having
instantaneous feedback. The feedback element can measure
the resistance of the tissue (or cells) throughout the duration
of the pulse and cause the electroporation device to alter its
electrical energy output (e.g., increase voltage) so current in
same tissue remains constant throughout the electrical pulse
(on the order of microseconds), and from pulse to pulse. In
some embodiments, the feedback element comprises a con-
troller.
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g. Current Feedback or Feedback

“Current feedback” or “feedback” can be used inter-
changeably and means the active response of the provided
electroporation devices, which comprises measuring the
current in tissue between electrodes and altering the energy
output delivered by the EP device accordingly in order to
maintain the current at a constant level. This constant level
is preset by a user prior to initiation of a pulse sequence or
electrical treatment. The feedback can be accomplished by
the electroporation component, e.g., controller, of the elec-
troporation device, as the electrical circuit therein is able to
continuously monitor the current in tissue between elec-
trodes and compare that monitored current (or current within
tissue) to a preset current and continuously make energy-
output adjustments to maintain the monitored current at
preset levels. The feedback loop can be instantaneous as it
is an analog closed-loop feedback.

h. Decentralized Current

“Decentralized current” as used herein means the pattern
of electrical currents delivered from the various needle
electrode arrays of the electroporation devices described
herein, wherein the patterns minimize, or preferably elimi-
nate, the occurrence of electroporation related heat stress on
any area of tissue being electroporated.

i. Electroporation

“Electroporation,” “electro-permeabilization,” or “elec-
tro-kinetic enhancement” (“EP”) as used interchangeably
herein means the use of a transmembrane electric field pulse
to induce microscopic pathways (pores) in a bio-membrane;
their presence allows biomolecules such as plasmids, oligo-
nucleotides, siRNA, drugs, ions, and water to pass from one
side of the cellular membrane to the other.

j. Feedback Mechanism

“Feedback mechanism™ as used herein means a process
performed by either software or hardware (or firmware),
which process receives and compares the impedance of the
desired tissue (before, during, and/or after the delivery of
pulse of energy) with a present value, preferably current, and
adjusts the pulse of energy delivered to achieve the preset
value. A feedback mechanism can be performed by an
analog closed loop circuit.

k. Fragment

“Fragment” as used herein with respect to nucleic acid
sequences means a nucleic acid sequence or a portion
thereof, that encodes a polypeptide capable of eliciting an
immune response in a mammal that cross reacts with a full
length wild type strain herpes family virus, comprising
HCMYV, HSV1, HSV2, CeHV1, VZV, Epstein-Barr virus
(EBV), roseolovirus (or herpes lymphotropic virus),
Kaposi-s sarcoma-associated herpesvirus, and murine gam-
maherpesvirus (MuHV-4), preferably HCMV, HSVI,
HSV2, CeHV1, VZV, and more preferably HCMV, HSV1,
HSV2, and VZV antigen. The fragments can be DNA
fragments selected from at least one of the various nucleo-
tide sequences that encode protein fragments set forth below.

“Fragment” with respect to polypeptide sequences means
a polypeptide capable of eliciting an immune response in a
mammal that cross reacts with a full length wild type strain
herpes family virus, comprising HCMV, HSV1, HSV2,
CeHV1, VZV, Epstein-Barr virus (EBV), roseolovirus (or
herpes lymphotropic virus), Kaposi-s sarcoma-associated
herpesvirus, and murine gammaherpesvirus (MuHV-4),
preferably HCMV, HSV1, HSV2, CeHV1, VZV, and more
preferably HCMV, HSV1, HSV2, and VZV antigen. Frag-
ments of consensus proteins may comprise at least 10%, at
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least 20%, at least 30%, at least 40%, at least 50%, at least
60%, at least 70%, at least 80%, at least 90% or at least 95%
of a consensus protein.

1. Genetic Construct

As used herein, the term “genetic construct” refers to the
DNA or RNA molecules that comprise a nucleotide
sequence which encodes a protein. The coding sequence
includes initiation and termination signals operably linked to
regulatory elements including a promoter and polyade-
nylation signal capable of directing expression in the cells of
the individual to whom the nucleic acid molecule is admin-
istered. As used herein, the term “expressible form” refers to
gene constructs that contain the necessary regulatory ele-
ments operable linked to a coding sequence that encodes a
protein such that when present in the cell of the individual,
the coding sequence will be expressed.

m. Identical

“Identical” or “identity” as used herein in the context of
two or more nucleic acids or polypeptide sequences, means
that the sequences have a specified percentage of residues
that are the same over a specified region. The percentage can
be calculated by optimally aligning the two sequences,
comparing the two sequences over the specified region,
determining the number of positions at which the identical
residue occurs in both sequences to yield the number of
matched positions, dividing the number of matched posi-
tions by the total number of positions in the specified region,
and multiplying the result by 100 to yield the percentage of
sequence identity. In cases where the two sequences are of
different lengths or the alignment produces one or more
staggered ends and the specified region of comparison
includes only a single sequence, the residues of single
sequence are included in the denominator but not the
numerator of the calculation. When comparing DNA and
RNA, thymine (T) and uracil (U) can be considered equiva-
lent. Identity can be performed manually or by using a
computer sequence algorithm such as BLAST or BLAST
2.0.

n. Impedance

“Impedance” can be used when discussing the feedback
mechanism and can be converted to a current value accord-
ing to Ohm’s law, thus enabling comparisons with the preset
current.

o. Immune Response

“Immune response” as used herein means the activation
of a host’s immune system, e.g., that of a mammal, in
response to the introduction of antigen such as an herpes
family virus, comprising HCMV, HSV1, HSV2, CeHV1,
VZV, Epstein-Barr virus (EBV), roseolovirus (or herpes
lymphotropic virus), Kaposi-s sarcoma-associated herpesvi-
rus, and murine gammaherpesvirus (MuHV-4), preferably
HCMYV, HSV1, HSV2, CeHV1, VZV, and more preferably
HCMYV, HSV1, HSV2, and VZV consensus antigens. The
immune response can be in the form of a cellular or humoral
response, or both.

p. Nucleic Acid

“Nucleic acid” or “oligonucleotide” or “polynucleotide”
as used herein means at least two nucleotides covalently
linked together. The depiction of a single strand also defines
the sequence of the complementary strand. Thus, a nucleic
acid also encompasses the complementary strand of a
depicted single strand. Many variants of a nucleic acid can
be used for the same purpose as a given nucleic acid. Thus,
a nucleic acid also encompasses substantially identical
nucleic acids and complements thereof. A single strand
provides a probe that can hybridize to a target sequence
under stringent hybridization conditions. Thus, a nucleic
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acid also encompasses a probe that hybridizes under strin-
gent hybridization conditions.

Nucleic acids can be single stranded or double stranded,
or can contain portions of both double stranded and single
stranded sequence. The nucleic acid can be DNA, both
genomic and cDNA, RNA, or a hybrid, where the nucleic
acid can contain combinations of deoxyribo- and ribo-
nucleotides, and combinations of bases including uracil,
adenine, thymine, cytosine, guanine, inosine, xanthine
hypoxanthine, isocytosine and isoguanine. Nucleic acids can
be obtained by chemical synthesis methods or by recombi-
nant methods.

q. Operably Linked

“Operably linked” as used herein means that expression
of'a gene is under the control of a promoter with which it is
spatially connected. A promoter can be positioned 5' (up-
stream) or 3' (downstream) of a gene under its control. The
distance between the promoter and a gene can be approxi-
mately the same as the distance between that promoter and
the gene it controls in the gene from which the promoter is
derived. As is known in the art, variation in this distance can
be accommodated without loss of promoter function.

r. Promoter

“Promoter” as used herein means a synthetic or naturally-
derived molecule which is capable of conferring, activating
or enhancing expression of a nucleic acid in a cell. A
promoter can comprise one or more specific transcriptional
regulatory sequences to further enhance expression and/or to
alter the spatial expression and/or temporal expression of
same. A promoter can also comprise distal enhancer or
repressor elements, which can be located as much as several
thousand base pairs from the start site of transcription. A
promoter can be derived from sources including viral, bac-
terial, fungal, plants, insects, and animals. A promoter can
regulate the expression of a gene component constitutively,
or differentially with respect to cell, the tissue or organ in
which expression occurs or, with respect to the develop-
mental stage at which expression occurs, or in response to
external stimuli such as physiological stresses, pathogens,
metal ions, or inducing agents. Representative examples of
promoters include the bacteriophage T7 promoter, bacterio-
phage T3 promoter, SP6 promoter, lac operator-promoter,
tac promoter, SV40 late promoter, SV40 early promoter,
RSV-LTR promoter, CMV IE promoter, SV40 early pro-
moter or SV40 late promoter and the CMV 1E promoter.

s. Signal Peptide

“Signal peptide and leader sequence” are used inter-
changeably herein and refer to an amino acid sequence at the
amino terminus of an herpes family virus, comprising
HCMYV, HSV1, HSV2, CeHV1, VZV, Epstein-Barr virus
(EBV), roseolovirus (or herpes lymphotropic virus),
Kaposi-s sarcoma-associated herpesvirus, and murine gam-
maherpesvirus (MuHV-4), preferably HCMV, HSVI,
HSV2, CeHV1, VZV, and more preferably HCMV, HSV1,
HSV2, and VZV protein. Signal peptides/leader sequences
typically direct localization of a protein. Signal peptides/
leader sequences used herein preferably facilitate secretion
of a protein from the cell in which it is produced. Signal
peptides/leader sequences are often cleaved from the
remainder of the protein, often referred to as the mature
protein, upon secretion from the cell. Signal peptides/leader
sequences are linked at the N terminus of the protein. As
referred to herein with regard to linking a signal peptide or
leader sequence to the N terminus of a protein, the signal
peptide/leader sequence replaces the N terminal methionine
of a protein. Thus for example, SEQ ID NO:22 is SEQ ID
NO:2 with the signal peptide/leader sequence linked at the
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N terminal of SEQ ID NO:2. The N terminal residue of SEQ
TD NO:2 can be anything but if it is encoded by an initiation
sequence it is methionine. the linkage of the signal peptide/
leader sequence at the N terminal of SEQ ID NO:2 elimi-
nates an N terminal methionine. As used herein, it is
intended that SEQ ID NO:22 comprises SEQ 1D NO:2 with
a signal peptide/leader sequence linked at the N terminal of
SEQ ID NO:2 notwithstanding the elimination of the N
terminus Xaa residue of SEQ ID NO:2. Similarly, the coding
sequences for SEQ ID NO:22 comprise coding sequences
for SEQ ID NO:2 with coding sequences for a signal
peptide/leader sequence linked to the 5' end of the coding
sequences encoding SEQ ID NO:2. The initiation codon
may be the nnn in the coding sequences for SEQ ID NO:2
but it is eliminated when the coding sequences for a signal
peptide/leader sequence linked to the 5' end of the coding
sequences encoding SEQ ID NO:2. As used herein, it is
intended that coding sequences for SEQ ID NO:22 com-
prises coding sequences for SEQ ID NO:2 with coding
sequences for a signal peptide/leader sequence linked at the
5" end of the coding sequence of SEQ ID NO:2 where nnn
occurs. Thus, for example, it is intended that SEQ ID NO:21
comprises SEQ ID NO:1 with coding sequences for a signal
peptide/leader sequence linked at the 5' end of SEQ ID
NO:1, in place of the nnn. In some embodiments, the nnn is
an initiation codon at the 5' end of SEQ ID NO:1. It is further
intended that SEQ ID NOs:2, 4, 6, 8, 10, 12 14, 16, 18 and
20 are provided free of then terminal Xaa and that SEQ ID
NOs:1,3,5,7,9,11 13, 15, 17 and 19 are provided free the
nnn.
t. Stringent Hybridization Conditions

“Stringent hybridization conditions™ as used herein means
conditions under which a first nucleic acid sequence (e.g.,
probe) will hybridize to a second nucleic acid sequence (e.g.,
target), such as in a complex mixture of nucleic acids.
Stringent conditions are sequence-dependent and will be
different in different circumstances. Stringent conditions can
be selected to be about 5-10° C. lower than the thermal
melting point (T,,) for the specific sequence at a defined
ionic strength pH. The T,, can be the temperature (under
defined ionic strength, pH, and nucleic concentration) at
which 50% of the probes complementary to the target
hybridize to the target sequence at equilibrium (as the target
sequences are present in excess, at T,,, 50% of the probes are
occupied at equilibrium). Stringent conditions can be those
in which the salt concentration is less than about 1.0 M
sodium ion, such as about 0.01-1.0 M sodium ion concen-
tration (or other salts) at pH 7.0 to 8.3 and the temperature
is at least about 30° C. for short probes (e.g., about 10-50
nucleotides) and at least about 60° C. for long probes (e.g.,
greater than about 50 nucleotides). Stringent conditions can
also be achieved with the addition of destabilizing agents
such as formamide. For selective or specific hybridization, a
positive signal can be at least 2 to 10 times background
hybridization. Exemplary stringent hybridization conditions
include the following: 50% formamide, 5xSSC, and 1%
SDS, incubating at 42° C., or, 5xSSC, 1% SDS, incubating
at 65° C., with wash in 0.2xSSC, and 0.1% SDS at 65° C.

u. Substantially Complementary

“Substantially complementary” as used herein means that
a first sequence is at least 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 97%, 98% or 99% identical to the complement
of a second sequence over a region of 8, 9, 10, 11, 12, 13,
14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45,
50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 180, 270, 360,
450, 540, 630, 720, 810, 900, 990, 1080, 1170, 1260, 1350,
1440, 1530, 1620, 1710, 1800, 1890, 1980, 2070 or more
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nucleotides or amino acids, or that the two sequences
hybridize under stringent hybridization conditions.

v. Substantially Identical

“Substantially identical” as used herein means that a first
and second sequence are at least 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 97%, 98% or 99% identical over a
region of 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,
90, 95, 100, 180, 270, 360, 450, 540, 630, 720, 810, 900,
990, 1080, 1170, 1260, 1350, 1440, 1530, 1620, 1710, 1800,
1890, 1980, 2070 or more nucleotides or amino acids, or
with respect to nucleic acids, if the first sequence is sub-
stantially complementary to the complement of the second
sequence.

w. Subtype or Serotype

“Subtype” or “serotype’: as used herein, interchangeably,
and in reference to herpes virus, means genetic variants of
an herpes virus such that one subtype is recognized by an
immune system apart from a different subtype.

X. Variant

“Variant” used herein with respect to a nucleic acid means
(1) a portion or fragment of a referenced nucleotide
sequence; (ii) the complement of a referenced nucleotide
sequence or portion thereof; (iii) a nucleic acid that is
substantially identical to a referenced nucleic acid or the
complement thereof; or (iv) a nucleic acid that hybridizes
under stringent conditions to the referenced nucleic acid,
complement thereof, or a sequences substantially identical
thereto.

“Variant” with respect to a peptide or polypeptide that
differs in amino acid sequence by the insertion, deletion, or
conservative substitution of amino acids, but retain at least
one biological activity. Variant can also mean a protein with
an amino acid sequence that is substantially identical to a
referenced protein with an amino acid sequence that retains
at least one biological activity. A conservative substitution of
an amino acid, i.e., replacing an amino acid with a different
amino acid of similar properties (e.g., hydrophilicity, degree
and distribution of charged regions) is recognized in the art
as typically involving a minor change. These minor changes
can be identified, in part, by considering the hydropathic
index of amino acids, as understood in the art. Kyte et al., J.
Mol. Biol. 157:105-132 (1982). The hydropathic index of an
amino acid is based on a consideration of its hydrophobicity
and charge. It is known in the art that amino acids of similar
hydropathic indexes can be substituted and still retain pro-
tein function. In one aspect, amino acids having hydropathic
indexes of +2 are substituted. The hydrophilicity of amino
acids can also be used to reveal substitutions that would
result in proteins retaining biological function. A consider-
ation of the hydrophilicity of amino acids in the context of
a peptide permits calculation of the greatest local average
hydrophilicity of that peptide, a useful measure that has been
reported to correlate well with antigenicity and immunoge-
nicity. U.S. Pat. No. 4,554,101, incorporated fully herein by
reference. Substitution of amino acids having similar hydro-
philicity values can result in peptides retaining biological
activity, for example immunogenicity, as is understood in
the art. Substitutions can be performed with amino acids
having hydrophilicity values within +2 of each other. Both
the hyrophobicity index and the hydrophilicity value of
amino acids are influenced by the particular side chain of
that amino acid. Consistent with that observation, amino
acid substitutions that are compatible with biological func-
tion are understood to depend on the relative similarity of the
amino acids, and particularly the side chains of those amino
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acids, as revealed by the hydrophobicity, hydrophilicity,
charge, size, and other properties.

y. Vector

“Vector” as used herein means a nucleic acid sequence
containing an origin of replication. A vector can be a vector,
bacteriophage, bacterial artificial chromosome or yeast arti-
ficial chromosome. A vector can be a DNA or RNA vector.
A vector can be a self-replicating extrachromosomal vector,
and preferably, is a DNA plasmid.

2. Herpes Viruses, Including HCMV, HSV1, HSV2,
CeHV1, and VZV, Antigens

In an aspect of the present invention, provided is a
methodology to generate novel herpes virus antigens, useful
across the various herpes family viruses, to increase the
potential breadth of immunity elicited by each viral antigen
(Ag)

Phylogenetic diversity was first examined to assess poly-
morphism and to aid in the production of clinically-relevant
consensus amino acid sequences. Phylogenetic and molecu-
lar evolutionary analyses can be conducted using MEGA
version 5 (Tamura, Peterson, Stecher, Nei, and Kumar 2011)
to estimate diversity among clinically relevant and publi-
cally available herpes target protein sequences used for
generating consensus vaccine Ags. Neighbor-joining phylo-
genetic reconstruction analysis using the bootstrap method
with 1,000 bootstrap replications can be used to generate
bootstrap consensus trees with radiation view.

Strategies for generating the consensus amino acid
sequences for each herpes immunogen are outlined, below,
in the examples. In general, consensus sequences from
highly conserved herpes proteins can be used for vaccine
immunogens while consensus sequences from specific,
clinically relevant subgroups can be used for the highly
divergent proteins.

Amino acid sequences of herpes vaccine proteins can be
generated by taking the consensus of publically available
(GenBank) and clinically relevant strains (passaged no more
than six times in tissue culture) using Vector NTI software
(Invitrogen) for sequence alignment. Preferably, the anti-
gens can be combined in a vaccine formulation as multiple
vectors having single antigen or single vector having mul-
tiple antigens therein, whether 2 or more antigens. In some
embodiments, more than 2 or more of the specific herpes
virus antigens are present in one vaccine formulation. When
multiple antigens are present on a vector (for example a
DNA plasmid, e.g., pHCMV-gHgl, or HSV1-gHgl ) such
antigens are separated by a cleavage site, preferably a furin
site, e.g., SEQ ID NO:63, for the co-expression of structur-
ally-relevant macromolecules. Genetic optimization of
DNA vaccines included codon and RNA optimization for
protein expression in humans and all genes were synthesized
and subcloned into a modified pVAX1 mammalian expres-
sion vector (GeneArt, Regensburg, Germany or GenScript,
Piscataway, N.J.).

In another aspect, provided herein are antigens capable of
eliciting an immune response in a mammal against one or
more herpes viruses, including HCMV, HSV1, HSV2,
CeHV1, and VZV, serotypes. The antigen can comprise
epitopes that make them particularly effective as immuno-
gens against which anti-herpes virus immune responses can
be induced. The herpes virus antigen can comprise the full
length translation product, a variant thereof, a fragment
thereof or a combination thereof. The herpes virus antigen
can be a wild type sequence or a consensus sequence derived
from multiple different sequences.
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Various nucleic acid sequences encoding different herpes
viruses, including HCMV, HSV1, HSV2, CeHV1, and VZV,
proteins have been identified for use alone or in various
combinations as part of a vaccine against herpes viruses that
can induce an immune response against the immunogenic
protein and be used in prophylactic and therapeutic vac-
cines. Alternatively, the proteins themselves may be used.
The immunogenic proteins include gB, gM, gN, gH, gl., gO,
gE, ¢l, gK, gC, gb, UL128, UL130, UL-131A, UL-83
(pp65), whether from HCMV, HSV1, HSV2, CeHV1, or
VZV, and vaccines may comprise one or more immunogenic
proteins selected from this group and/or vaccines may
comprise one or more nucleic acid sequences that encode
one or more immunogenic proteins selected from this group.

In view of evolutionary divergence from clinical isolates
and extensive genetic differences among prevalent circulat-
ing human strains consensus amino acid sequences for each
of immunogenic proteins have been generated. Consensus
amino acid sequences for gB, gM, gH, gl., gE, gl, gK, gC,
gD, UL128, UL130, UL-131A and UL-83 (pp65) were
based upon sequences from human clinical isolates as of the
beginning of 2010. Due to the great evolutionary divergence
of the gN protein, the consensus sequence was generated
from only one (gN-4c) of seven serotypes that represents the
most sero-prevalent (gN-4). Similarly, in the case gO, a
consensus amino acid sequences was generated from one
(g0-5) of eight sero-types due to that particular serotypes
reported linkage with the gN-4c¢ sero-type.

In some embodiments, consensus herpes virus antigens
may be provided with a signal peptide. In some embodi-
ments, the IgE leader (SEQ ID NO:61) is linked to the N
terminus. As described herein, when referring to a signal
peptide linked to the N terminus of a consensus sequence, it
is intended to specifically include embodiments in which the
N terminal Xaa residue of the consensus sequences is
replaced with a signal peptide. That is, as used herein Xaa
is intended to refer to any amino acid or no amino acid. The
proteins which comprise a consensus sequence set forth
herein SEQ ID NOs: 2, 4,6, 8, 10, 12, 14, 16, 18, 20, 85, 91,
97, 103, 111, and 113, and proteins HSV1-gH, HSV1-gL,
HSV1-gC, HSV1-gD, HSV2-gH, HSV2-gl., HSV2-gC,
HSV2-gD, VZV-gH, VZV-gl, VZV-gM, VZV-gN, CeHV1-
gH, CeHV1-gl.,, CeHV1-gC, CeHV1-gD, VZV-gE, and
VZV-gl, may comprise those sequences free of the N
terminal Xaa.

In some embodiments, the herpes virus antigens, whether
with or without a signal peptide, may comprise an antigenic
tag such as the HA Tag (SEQ ID NO:62 which is induced in
each of SEQ ID NOs: 42, 44, 46, 48, 50, 52, 54, 56, 58 and
60). The antigenic tags can be used to detect expression. The
HA Tag is a common antigenic tag used for this purpose.
Further, one or more proteins set forth above may be linked
to each other to form a fusion protein. In some examples, the
proteins are linked by way of a proteolytic cleavage site such
as the furin site (SEQ ID NO: 63 which is included in each
of SEQ ID NOs:65, 67, 69, 71, 73, 75, 87, 89, 93, 95, 99,
101, 105, 107, and 109).)

A consensus protein HCMV-gB (SEQ 1D NO:2), a con-
sensus protein HCMV-gM (SEQ ID NO:4), a consensus
protein HCMV-gN (SEQ ID NO:6), a consensus protein
HCMV-gH (SEQ ID NO:8), a consensus protein HCM V-gl.
(SEQ ID NO:10), a consensus protein HCMV-gO (SEQ ID
NO:12), a consensus protein HCMV-UL128 (SEQ ID
NO:14), a consensus protein HCMV-UL130 (SEQ ID NO:
16), a consensus protein HCMV-UL-131A (SEQ ID NO:18),
a consensus protein HCMV-UL-83 (pp65) (SEQ ID NO:20),
a consensus protein HSV1-gB SEQ ID NO:85, a consensus
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protein HSV1-gH (N-terminal region up to position 838 of
SEQ ID NO:87), a consensus protein HSV1-gl, (C-terminal
region from position 846 of SEQ ID NO:87), a consensus
protein HSV1-gC (N-terminal region up to position 511 of
SEQ ID NO:89), a consensus protein HSV1-gD (C-terminal
region from position 519 of SEQ ID NO:89), a consensus
protein HSV2-gB (SEQ ID NO:91), a consensus protein
HSV2-gH (N-terminal region up to position 838 of SEQ ID
NO:93), a consensus protein HSV2-gl. (C-terminal region
from position 846 of SEQ ID NO:93), a consensus protein
HSV2-gC (N-terminal region up to position 480 of SEQ ID
NO:95), a consensus protein HSV2-gD (C-terminal region
from position 488 of SEQ ID NO:95), a consensus protein
VZV-gB (SEQ ID NO:97), a consensus protein VZV-gH
(N-terminal region up to position 841 of SEQ ID NO:99), a
consensus protein VZV-gl, (C-terminal region from position
849 of SEQ ID NO:99), a consensus protein VZV-gM
(N-terminal region up to position 435 of SEQ ID NO:101),
a consensus protein VZV-gN (C-terminal region from posi-
tion 443 of SEQ TD NO:101), a consensus protein CeHV1-
gB (SEQ TD NO:103), a consensus protein CeHV1-gH
(N-terminal region up to position 858 of SEQ ID NO:105),
a consensus protein CeHV1-gl, (C-terminal region from
position 866 of SEQ ID NO:105), a consensus protein
CeHV1-gC (N-terminal region up to position 467 of SEQ ID
NO:107), a consensus protein CeHV1-gD (C-terminal
region from position 475 of SEQ ID NO:107), a consensus
protein VZV-gE (N-terminal region up to position 623 of
SEQ ID NO:109), a consensus protein VZV-gl (C-terminal
region from position 631 of SEQ ID NO:109), a consensus
protein VZV-gC (SEQ ID NO:111), and a consensus protein
VZV-gKk (SEQ ID NO:113) are provided. Amino acid
sequences were generated which comprised in each particu-
lar instance, the IgE leader sequence at the N terminus of the
herpes virus immunogenic protein consensus sequences.
Thus, also provided are a protein with an IgE leader linked
to consensus protein HCMV-gB (SEQ 1D NO:22), a protein
with an IgE leader linked to consensus protein HCMV-gM
(SEQ ID NO:24), a protein with an IgE leader linked to
consensus protein HCMV-gN (SEQ ID NO:26), a protein
with an IgE leader linked to consensus protein HCMV-gH
(SEQ ID NO:28), a protein with an IgE leader linked to
consensus protein HCMV-gl. (SEQ ID NO:30), a protein
with an IgE leader linked to consensus protein HCMV-gO
(SEQ ID NO:32), a protein with an IgE leader linked to
consensus protein HCMV-UL128 (SEQ ID NO:34), a pro-
tein with an IgE leader linked to consensus protein HCMV-
UL130 (SEQ ID NO:36), a protein with an IgE leader linked
to consensus protein HCMV-UL-131A (SEQ ID NO:38), a
protein with an IgE leader linked to consensus protein
HCMV-UL-83 (pp65) (SEQ ID NO:40). IgE leader used is
(SEQ ID NO:62). Embodiments are also provided in which
HA tags are linked at the C terminus of the consensus
sequence. Accordingly, a protein with an IgE leader linked
to consensus protein HCMV-gB with an HA Tag at the C
terminal (SEQ ID NO:42), a protein with an IgE leader
linked to consensus protein HCMV-gM (SEQ ID NO:44), a
protein with an IgE leader linked to consensus protein
HCMV-gN (SEQ ID NO:46), a protein with an IgE leader
linked to consensus protein HCMV-gH (SEQ ID NO:48), a
protein with an IgE leader linked to consensus protein
HCMV-gL (SEQ ID NO:50), a protein with an IgE leader
linked to consensus protein HCMV-gO (SEQ ID NO:52), a
protein with an IgE leader linked to consensus protein
HCMV-ULI128 (SEQ ID NO:54), a protein with an IgE
leader linked to consensus protein HCMV-UL130 (SEQ ID
NO:56), a protein with an IgE leader linked to consensus
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protein HCMV-UL-131A (SEQ TD NO:58), a protein with
an IgE leader linked to consensus protein HCMV-UL-83
(pp65) (SEQ ID NO:60) are also provided. In some embodi-
ments, nucleic acid constructs are provided in which two or
more herpes virus antigens are expressed as fusion proteins
linked to each other by proteolytic cleavage sites. A furin
proteolytic cleavage site (SEQ ID NO:63) is an example of
a proteolytic cleavage site which may link herpes virus
antigens in a fusion protein expressed by a construct.

Proteins may be homologous to any of the protein
sequences provided herein for each of the specific consensus
antigens. Some embodiments relate to immunogenic pro-
teins that have 95% homology to the consensus protein
sequences herein. Some embodiments relate to immuno-
genic proteins that have 96% homology to the consensus
protein sequences herein. Some embodiments relate to
immunogenic proteins that have 97% homology to the
consensus protein sequences herein. Some embodiments
relate to immunogenic proteins that have 95% homolody, or
98% homology in some instances, to the consensus protein
sequences herein. Some embodiments relate to immuno-
genic proteins that have 99% homology to the consensus
protein sequences herein.

Fragments of consensus proteins may comprise at least
10%, at least 15%, at least 20%, at least 25%, at least 30%,
at least 35%, at least 40%, at least 45%, at least 50% or at
least 55% at least 60%, at least 65%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%,
at least 96%, at least 97%, at least 98% or at least 99% of
a consensus protein Immunogenic fragments of any of the
protein sequences provided herein for each of the specific
consensus antigens may be provided Immunogenic frag-
ments may comprise at least 10%, at least 15%, at least 20%,
at least 25%, at least 30%, at least 35%, at least 40%, at least
45%, at least 50% or at least 55% at least 60%, at least 65%,
at least 70%, at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%
or at least 99% of any of the protein sequences provided
herein for each of the specific consensus antigens.

Immunogenic fragments of proteins with amino acid
sequences homologous immunogenic fragments of any of
the protein sequences provided herein for each of the
specific consensus antigens may be provided. Such immu-
nogenic fragments may comprise at least 10%, at least 15%,
at least 20%, at least 25%, at least 30%, at least 35%, at least
40%, at least 45%, at least 50% or at least 55% at least 60%,
at least 65%, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98% or at least 99% of proteins that are 95%
homologous to any of the protein sequences provided herein
for each of the specific consensus antigens. Some embodi-
ments relate to immunogenic fragments that have 96%
homology to the immunogenic fragments of consensus
protein sequences herein. Some embodiments relate to
immunogenic fragments that have 97% homology to the
immunogenic fragments of consensus protein sequences
herein. Some embodiments relate to immunogenic frag-
ments that have 95% homology, or 98% homology in some
instances, to the immunogenic fragments of consensus pro-
tein sequences herein. Some embodiments relate to immu-
nogenic fragments that have 99% homology to the immu-
nogenic fragments of consensus protein sequences herein.

3. Genetic Sequences, Constructs and Plasmids

Nucleic acid sequences encoding the SEQ ID NO:2, SEQ
ID NO:4, SEQ ID NO:6, SEQ TD NO:8, SEQ TD NO:10,
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SEQTD NO:12, SEQ TD NO:14, SEQ TD NO:16, SEQ TD
NO:18, SEQ ID NO:20, SEQ ID NO:22, SEQ ID NO:24,
SEQ ID NO:26, SEQ ID NO:28, SEQ ID NO:30, SEQ ID
NO:32, SEQ ID NO:34, SEQ ID NO:36, SEQ ID NO:38,
SEQ ID NO:40, SEQ ID NO:42, SEQ ID NO:44, SEQ ID
NO:46, SEQ ID NO:48, SEQ ID NO:50, SEQ ID NO:52,
SEQ ID NO:54, SEQ ID NO:56, SEQ ID NO:58, SEQ ID
NO:60, a consensus protein HSV1-gB SEQ TD NO:85, a
consensus protein HSV1-gH (N-terminal region up to posi-
tion 838 of SEQ ID NO:87), a consensus protein HSV1-gl,
(C-terminal region from position 846 of SEQ ID NO:87), a
consensus protein HSV1-gC (N-terminal region up to posi-
tion 511 of SEQ ID NO:89), a consensus protein HSV1-gD
(C-terminal region from position 519 of SEQ ID NO:89), a
consensus protein HSV2-gB (SEQ ID NO:91), a consensus
protein HSV2-gH (N-terminal region up to position 838 of
SEQ ID NO:93), a consensus protein HSV2-gl, (C-terminal
region from position 846 of SEQ ID NO:93), a consensus
protein HSV2-gC (N-terminal region up to position 480 of
SEQ ID NO:95), a consensus protein HSV2-gD (C-terminal
region from position 488 of SEQ ID NO:95), a consensus
protein VZV-gB (SEQ ID NO:97), a consensus protein
VZV-gH (N-terminal region up to position 841 of SEQ ID
NO:99), a consensus protein VZV-gl. (C-terminal region
from position 849 of SEQ ID NO:99), a consensus protein
VZV-gM (N-terminal region up to position 435 of SEQ ID
NO:101), a consensus protein VZV-gN (C-terminal region
from position 443 of SEQ ID NO:101), a consensus protein
CeHV1-gB (SEQ ID NO:103), a consensus protein CeHV1-
gH (N-terminal region up to position 858 of SEQ ID
NO:105), a consensus protein CeHV1-gl. (C-terminal
region from position 866 of SEQ ID NO:105), a consensus
protein CeHV1-gC (N-terminal region up to position 467 of
SEQ ID NO:107), a consensus protein CeHV1-gD (C-ter-
minal region from position 475 of SEQ ID NO:107), a
consensus protein VZV-gE (N-terminal region up to position
623 of SEQ ID NO:109), a consensus protein VZV-gl
(C-terminal region from position 631 of SEQ ID NO:109),
a consensus protein VZV-gC (SEQ ID NO:111), and a
consensus protein VZV-gK (SEQ ID NO:113) as well as
homologous protein, immunogenic fragment and immuno-
genic fragments of homologous proteins can be generated
routinely. Thus, nucleic acid molecules that encode immu-
nogenic proteins that have up to 95% homology to a
consensus sequence, up to 96% homology to a consensus
sequence, up to 96% homology to a consensus sequence, up
to 97% homology to a consensus sequence, up to 98%
homology to a consensus sequence and up to 99% may be
provided. Likewise, nucleic acid sequences encoding the
immunogenic fragments set forth herein and the immuno-
genic fragments of protein homologous to the proteins set
forth herein are also provided.

Nucleic acid molecules encoding the consensus amino
acid sequences were generated. Vaccines may comprise one
or more nucleic acid sequences that encode one or more of
the consensus versions of the immunogenic proteins selected
from this group of sequences generated to optimize stability
and expression in humans. Nucleic acid sequence encoding
consensus protein HCMV-gB (SEQ ID NO:1), nucleic acid
sequence encoding consensus protein HCMV-gM (SEQ 1D
NO:3), nucleic acid sequence encoding consensus protein
HCMV-gN (SEQ ID NO:5), nucleic acid sequence encoding
consensus protein HCMV-gH (SEQ ID NO:7), nucleic acid
sequence encoding consensus protein HCMV-gl, (SEQ ID
NO:9), nucleic acid sequence encoding consensus protein
HCMV-gO (SEQ ID NO:11), nucleic acid sequence encod-
ing consensus protein HCMV-UL128 (SEQ ID NO:13),
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nucleic acid sequence encoding consensus protein HCMV-
UL130 (SEQ ID NO:15), nucleic acid sequence encoding
consensus protein HCMV-UL-131A (SEQ ID NO:17),
nucleic acid sequence encoding consensus protein HCMV-
UL-83 (pp65) (SEQ ID NO:19), nucleic acid sequence
encoding consensus protein HSV1-gB (SEQ ID NO:86),
nucleic acid sequence encoding consensus protein HSV1-
gH (N-terminal portion of SEQ ID NO:88, before furin site),
nucleic acid sequence encoding consensus protein HSV1-gl,
(C-terminal portion of SEQ ID NO:88, after furin site),
nucleic acid sequence encoding consensus protein HSV1-gC
(N-terminal portion of SEQ ID NO:90, prior to furin site),
nucleic acid sequence encoding consensus protein HSV1-
gD (C-terminal portion of SEQ ID NO:90, after faring site),
nucleic acid sequence encoding consensus protein HSV2-gB
(SEQ ID NO:92), nucleic acid sequence encoding consensus
protein HSV2-gH (N-terminal portion of SEQ ID NO:94,
prior to furin site), nucleic acid sequence encoding consen-
sus protein HSV2-gl. (C-terminal portion of SEQ ID NO:94,
after furin site), nucleic acid sequence encoding consensus
protein HSV2-gC (N-terminal portion of SEQ ID NO:96,
prior to furin site), nucleic acid sequence encoding consen-
sus protein HSV2-gD (C-terminal portion of SEQ ID
NO:96, after furin site), nucleic acid sequence encoding
consensus protein VZV-gB (SEQ ID NO:98), nucleic acid
sequence encoding consensus protein VZV-gH (N-terminal
portion of SEQ ID NO:100, prior to furin site), nucleic acid
sequence encoding consensus protein VZV-gl, (C-terminal
portion of SEQ ID NO:100, after furin site), nucleic acid
sequence encoding consensus protein VZV-gM (N-terminal
portion of SEQ ID NO:102, prior to furin site), nucleic acid
sequence encoding consensus protein VZV-gN (C-terminal
portion of SEQ ID NO:102, after furin site), nucleic acid
sequence encoding consensus protein CeHV1-gB (SEQ ID
NO:104), nucleic acid sequence encoding consensus protein
CeHV1-gH (N-terminal portion of SEQ ID NO:106, prior to
furin site), nucleic acid sequence encoding consensus pro-
tein CeHV1-glL (C-terminal portion of sEQ ID NO:106,
after furin site), nucleic acid sequence encoding consensus
protein CeHV1-gC (N-terminal portion of SEQ ID NO:108,
prior to furin site), nucleic acid sequence encoding consen-
sus protein CeHV1-gD (C-terminal portion of SEQ ID
NO:108, after furin site), nucleic acid sequence encoding
consensus protein VZV-gE (N-terminal portion of SEQ ID
NO:110, prior to furin site), nucleic acid sequence encoding
consensus protein VZV-gl (C-terminal portion of SEQ ID
NO:110, after furin site), nucleic acid sequence encoding
consensus protein VZV-gC (SEQ ID NO:112), and nucleic
acid sequence encoding consensus protein VZV-gK (SEQ
ID NO:114) are provided herein. In addition, nucleic acid
sequences incorporating coding sequence for the IgE leader
at the 5' end of the optimized, consensus encoding nucleic
acid sequence were generated which encoded proteins hav-
ing the IgE leader sequence at the N terminus of the
consensus amino acid sequence. The nucleic acid sequence
encoding IgE leader linked to consensus protein HCMV-gB
(SEQ TD NO:21), nucleic acid sequence encoding IgE
leader linked to consensus protein HCMV-gM (SEQ ID
NO:23), nucleic acid sequence encoding IgE leader linked to
consensus protein HCMV-gN (SEQ ID NO:25), nucleic acid
sequence encoding IgE leader linked to consensus protein
HCMV-gH (SEQ ID NO:27), nucleic acid sequence encod-
ing IgE leader linked to consensus protein HCMV-gL. (SEQ
ID NO:29), nucleic acid sequence encoding IgE leader
linked to consensus protein HCMV-gO (SEQ ID NO:31),
nucleic acid sequence encoding IgE leader linked to con-
sensus protein HCMV-UL128 (SEQ ID NO:33), nucleic
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acid sequence encoding IgE leader linked to consensus
protein HCMV-UL130 (SEQ ID NO:35), nucleic acid
sequence encoding IgE leader linked to consensus protein
HCMV-UL-131A (SEQ ID NO:37), nucleic acid sequence
encoding IgE leader linked to consensus protein HCMV-
UL-83 (pp65) (SEQ ID NO:39), are provided. The nucleic
acid sequence encoding IgE leader (DNA encoding SEQ ID
NO:61). The nucleic acid sequence encoding IgE leader
linked to consensus protein HCMV-gB with an HA Tag at
the C terminus (SEQ ID NO:42), nucleic acid sequence
encoding IgF leader linked to consensus protein HCMV-gM
with an HA Tag at the C terminus (SEQ ID NO:43), nucleic
acid sequence encoding IgE leader linked to consensus
protein HCMV-gN with an HA Tag at the C terminus (SEQ
ID NO:45), nucleic acid sequence encoding IgE leader
linked to consensus protein HCMV-gH with an HA Tag at
the C terminus (SEQ ID NO:47), nucleic acid sequence
encoding IgE leader linked to consensus protein HCMV-gl.
with an HA Tag at the C terminus (SEQ ID NO:49), nucleic
acid sequence encoding IgE leader linked to consensus
protein HCMV-gO with an HA Tag at the C terminus (SEQ
ID NO:51), nucleic acid sequence encoding IgE leader
linked to consensus protein HCMV-UL128 with an HA Tag
at the C terminus (SEQ ID NO:53), nucleic acid sequence
encoding IgE leader linked to consensus protein HCMV-
UL130 with an HA Tag at the HCMV-C terminus (SEQ ID
NO:55), nucleic acid sequence encoding IgE leader linked to
consensus protein HCMV-UL-131A with an HA Tag at the
C terminus (SEQ ID NO:57), nucleic acid sequence encod-
ing IgE leader linked to consensus protein HCMV-UL-83
(pp65) with an HA Tag at the C terminus (SEQ ID NO:59),
are provided.

Some embodiments relate to nucleic acid molecules that
encode immunogenic proteins that have 95% homology to
the nucleic acid coding sequences herein. Some embodi-
ments relate to nucleic acid molecules that encode immu-
nogenic proteins that have 96% homology to the nucleic
acid coding sequences herein. Some embodiments relate to
nucleic acid molecules that encode immunogenic proteins
that have 97% homology to the nucleic acid coding
sequences herein. Some embodiments relate to nucleic acid
molecules that encode immunogenic proteins that have 98%
homology to the nucleic acid coding sequences herein.
Some embodiments relate to nucleic acid molecules that
encode immunogenic proteins that have 99% homology to
the nucleic acid coding sequences herein. In some embodi-
ments, the nucleic acid molecules with coding sequences
disclosed herein that are homologous to a coding sequence
of a consensus protein disclosed herein include sequences
encoding an IgE leader sequence linked to the 5' end of the
coding sequence encoding the homologous protein
sequences disclosed herein.

Some embodiments relate to fragments of SEQ ID NO:1,
SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9,
SEQ ID NO:11, SEQ ID NO:13, SEQ ID NO:15, SEQ 1D
NO:17, SEQ ID NO:19, SEQ ID NO:21, SEQ ID NO:23,
SEQ ID NO:25, SEQ ID NO:27, SEQ ID NO:29, SEQ 1D
NO:31, SEQ ID NO:33, SEQ ID NO:35, SEQ ID NO:37,
SEQ ID NO:39, SEQ ID NO:41, SEQ ID NO:43, SEQ 1D
NO:45, SEQ ID NO:47, SEQ ID NO:49, SEQ ID NO:51,
SEQ ID NO:53, SEQ ID NO:55, SEQ ID NO:57, SEQ 1D
NO:59, SEQ ID NO:86, nucleic acid sequence encoding
consensus protein HSV1-gH (N-terminal portion of SEQ ID
NO:88, before furin site), nucleic acid sequence encoding
consensus protein HSV1-gl, (C-terminal portion of SEQ ID
NO:88, after furin site), nucleic acid sequence encoding
consensus protein HSV1-gC (N-terminal portion of SEQ ID
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NO:90, prior to furin site), nucleic acid sequence encoding
consensus protein HSV1-gD (C-terminal portion of SEQ ID
NO:90, after furing site), SEQ ID NO:92, nucleic acid
sequence encoding consensus protein HSV2-gH (N-terminal
portion of SEQ ID NO:94, prior to furin site), nucleic acid
sequence encoding consensus protein HSV2-gl. (C-terminal
portion of SEQ ID NO:94, after furin site), nucleic acid
sequence encoding consensus protein HSV2-gC (N-terminal
portion of SEQ ID NO:96, prior to furin site), nucleic acid
sequence encoding consensus protein HSV2-gD (C-terminal
portion of SEQ ID NO:96, after furin site), SEQ 1D NO:98,
nucleic acid sequence encoding consensus protein VZV-gH
(N-terminal portion of SEQ ID NO:100, prior to furin site),
nucleic acid sequence encoding consensus protein VZV-gl,
(C-terminal portion of SEQ ID NO:100, after furin site),
nucleic acid sequence encoding consensus protein VZV-gM
(N-terminal portion of SEQ TD NO:102, prior to furin site),
nucleic acid sequence encoding consensus protein VZV-gN
(C-terminal portion of SEQ ID NO:102, after furin site),
SEQ ID NO:104, nucleic acid sequence encoding consensus
protein CeHV1-gH (N-terminal portion of SEQ ID NO:106,
prior to furin site), nucleic acid sequence encoding consen-
sus protein CeHV1-gl, (C-terminal portion of sEQ ID
NO:106, after furin site), nucleic acid sequence encoding
consensus protein CeHV1-gC (N-terminal portion of SEQ
ID NO:108, prior to furin site), nucleic acid sequence
encoding consensus protein CeHV1-gD (C-terminal portion
of SEQ ID NO:108, after furin site), nucleic acid sequence
encoding consensus protein VZV-gE (N-terminal portion of
SEQ ID NO:110, prior to furin site), nucleic acid sequence
encoding consensus protein VZV-gl (C-terminal portion of
SEQ ID NO:110, after furin site), SEQ ID NO:112, and SEQ
ID NO:114. Fragments may at least 10%, at least 15%, at
least 20%, at least 25%, at least 30%, at least 35%, at least
40%, at least 45%, at least 50% or at least 55% at least 60%,
at least 65%, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98% or at least 99% of any of the nucleotide
sequences provided herein for each of the specific consensus
antigens. Fragments may be at least 95%, at least 96%, at
least 97% at least 98% or at least 99% homologous to
fragments of any of the nucleotide sequences provided
herein for each of the specific consensus antigens.

Provided herein are genetic constructs that can comprise
anucleic acid sequence that encodes the herpes virus antigen
disclosed herein including consensus protein sequences,
sequences homologous to consensus protein sequences,
fragments of consensus protein sequences and sequences
homologous to fragments of consensus protein sequences.
The genetic construct can be present in the cell as a
functioning extrachromosomal molecule. The genetic con-
struct can be linear minichromosome including centromere,
telomers or plasmids or cosmids.

The genetic construct can also be part of a genome of a
recombinant viral vector, including recombinant adenovirus,
recombinant adenovirus associated virus and recombinant
vaccinia. The genetic construct can be part of the genetic
material in attenuated live microorganisms or recombinant
microbial vectors which live in cells.

The genetic constructs can comprise regulatory elements
for gene expression of the coding sequences of the nucleic
acid. The regulatory elements can be a promoter, an
enhancer an initiation codon, a stop codon, or a polyade-
nylation signal.

The nucleic acid sequences may make up a genetic
construct that can be a vector. The vector can be capable of
expressing an antigen in the cell of a mammal in a quantity
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effective to elicit an immune response in the mammal. The
vector can be recombinant. The vector can comprise heter-
ologous nucleic acid encoding the antigen. The vector can be
a plasmid. The vector can be useful for transfecting cells
with nucleic acid encoding an antigen, which the trans-
formed host cell is cultured and maintained under conditions
wherein expression of the antigen takes place.

In some embodiments, coding sequences for one antigen
may be provided on a single vector.

In some embodiments, coding sequences for two or more
different antigens may be provided on a single vector. In
some embodiments, the coding sequences may have sepa-
rate promoters controlling expression. In some embodi-
ments, the coding sequences may have a single promoters
controlling expression with an IRES sequence separating
coding sequence. The presence of the IRES sequence results
in the separate translation of the transcription product. In
some embodiments, the coding sequences may have a single
promoters controlling expression with coding sequence
encoding a proteolytic cleavage peptide sequence separating
coding sequences of the antigens. A single translation prod-
uct is produced which is then processed by the protease that
recognizes the protease cleavage site to generate separate
protein molecules. The protease cleave sites used is typically
recognized by a protease endogenously present in the cell
where expression occurs. In some embodiments, a separate
coding sequence for a protease may be included to provide
for the production of the protease needed to process the
polyprotein translation product. In some embodiment, vec-
tors comprise coding sequences for one, two, three, four or
more HCMV antigens, HSV1 antigens, HSV2 antigens,
VZV antigens, or CeHV1 antigens.

In some embodiments, coding sequences for HCMV
antigens gM and gN are included on the same vector. In
some embodiments, coding sequences for HCMV antigens
consensus gM and consensus gN4-c are included on the
same vector. In some embodiments, coding sequences for
HCMYV antigens gM and gN are included on the same vector
and are under control of a single promoter. In some embodi-
ments, coding sequences for HCMV antigens consensus gM
and consensus gN4-c are included on the same vector and
are under control of a single promoter. In some embodi-
ments, coding sequences for HCMV antigens gM and gN are
included on the same vector, under control of a single
promoter and linked with a coding sequence for a proteolytic
cleavage site. In some embodiments, coding sequences for
HCMYV antigens consensus gM and consensus gN4-c are
included on the same vector, are under control of a single
promoter and linked with a coding sequence for a proteolytic
cleavage site. In some embodiments, coding sequences for
HCMYV antigens gH and gl are included on the same vector.
In some embodiments, coding sequences for HCMV anti-
gens consensus gH and consensus gl. are included on the
same vector. In some embodiments, coding sequences for
HCMYV antigens gH and gl. are included on the same vector
and are under control of a single promoter. In some embodi-
ments, coding sequences for HCMV antigens consensus gH
and consensus gl are included on the same vector and are
under control of a single promoter. In some embodiments,
coding sequences for HCMV antigens gH and gl are
included on the same vector, under control of a single
promoter and linked with a coding sequence for a proteolytic
cleavage site. In some embodiments, coding sequences for
HCMYV antigens consensus gH and consensus gl are
included on the same vector, are under control of a single
promoter and linked with a coding sequence for a proteolytic
cleavage site.



US 9,994,619 B2

27

In some embodiments, coding sequences for HCMV
antigens/chaperone proteins UL 128, UL130 and UL-131A
are included on the same vector. In some embodiments,
coding sequences for HCMV antigens/chaperone proteins
consensus UL128, consensus UL130 and consensus
UL-131A are included on the same vector. In some embodi-
ments, coding sequences for HCMV antigens/chaperone
proteins UL128, UL130 and UL-131A are included on the
same vector and are under control of a single promoter. In
some embodiments, coding sequences for HCMV antigens/
chaperone proteins consensus UL 128, consensus UL.130 and
consensus UL-131A are included on the same vector and are
under control of a single promoter. In some embodiments,
coding sequences for HCMV antigens/chaperone proteins
UL128, UL130 and UL-131A are included on the same
vector, under control of a single promoter and linked with a
coding sequence for a proteolytic cleavage site. In some
embodiments, coding sequences for HCMV antigens/chap-
erone proteins consensus UL128, consensus UL130 and
consensus UL-131A are included on the same vector, are
under control of a single promoter and linked with a coding
sequence for a proteolytic cleavage site.

In some embodiments, coding sequences for HSV1 anti-
gens gH and gl are included on the same vector, and in some
cases under the control of a single promoter, and in some
cases linked together with a coding sequence for a poteolytic
cleavage site, preferably furin cleavage site. In some
embodiments, coding sequences for HSV1 antigens gC and
gD are included on the same vector, and in some cases under
the control of a single promoter, and in some cases linked
together with a coding sequence for a poteolytic cleavage
site, preferably furin cleavage site. In some embodiments,
coding sequences for HSV?2 antigens gH and gl are included
on the same vector, and in some cases under the control of
a single promoter, and in some cases linked together with a
coding sequence for a poteolytic cleavage site, preferably
furin cleavage site. In some embodiments, coding sequences
for HSV2 antigens gC and gD are included on the same
vector, and in some cases under the control of a single
promoter, and in some cases linked together with a coding
sequence for a poteolytic cleavage site, preferably furin
cleavage site. In some embodiments, coding sequences for
VZV antigens gH and gl are included on the same vector,
and in some cases under the control of a single promoter, and
in some cases linked together with a coding sequence for a
poteolytic cleavage site, preferably furin cleavage site. In
some embodiments, coding sequences for VZV antigens gM
and gN are included on the same vector, and in some cases
under the control of a single promoter, and in some cases
linked together with a coding sequence for a poteolytic
cleavage site, preferably furin cleavage site. In some
embodiments, coding sequences for CeHV1 antigens gH
and gl. are included on the same vector, and in some cases
under the control of a single promoter, and in some cases
linked together with a coding sequence for a poteolytic
cleavage site, preferably furin cleavage site. In some
embodiments, coding sequences for CeHV 1 antigens gC and
gD are included on the same vector, and in some cases under
the control of a single promoter, and in some cases linked
together with a coding sequence for a poteolytic cleavage
site, preferably furin cleavage site. In some embodiments,
coding sequences for VZV antigens gE and gl are included
on the same vector, and in some cases under the control of
a single promoter, and in some cases linked together with a
coding sequence for a poteolytic cleavage site, preferably
furin cleavage site.
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Coding sequences for any protein disclosed herein may be
provided as a single coding sequence on a single. Likewise,
coding sequences for any combination of different proteins
disclosed herein may be provided on a single vector, either
with its own promoter, linked with an IRES sequence or as
a single coding sequence of a polyprotein in which the
individual proteins are linked with proteolytic cleavage
sites.

In each and every instance set forth herein, coding
sequences may be optimized for stability and high levels of
expression. In some instances, codons are selected to reduce
secondary structure formation of the RNA such as that
formed due to intramolecular bonding.

The vector can comprise heterologous nucleic acid encod-
ing an antigen and can further comprise an initiation codon,
which can be upstream of the antigen coding sequence, and
a stop codon, which can be downstream of the antigen
coding sequence. The initiation and termination codon can
be in frame with the antigen coding sequence. The vector
can also comprise a promoter that is operably linked to the
antigen coding sequence. The promoter operably linked to
the antigen coding sequence can be a promoter from simian
virus 40 (SV40), a mouse mammary tumor virus (MMTV)
promoter, a human immunodeficiency virus (HIV) promoter
such as the bovine immunodeficiency virus (BIV) long
terminal repeat (LTR) promoter, a Moloney virus promoter,
an avian leukosis virus (ALV) promoter, a cytomegalovirus
(CMV) promoter such as the CMV immediate early pro-
moter, Epstein Barr virus (EBV) promoter, or a Rous sar-
coma virus (RSV) promoter. The promoter can also be a
promoter from a human gene such as human actin, human
myosin, human hemoglobin, human muscle creatine, or
human metalothionein. The promoter can also be a tissue
specific promoter, such as a muscle or skin specific pro-
moter, natural or synthetic. Examples of such promoters are
described in US patent application publication no.
US20040175727, the contents of which are incorporated
herein in its entirety.

The vector can also comprise a polyadenylation signal,
which can be downstream of the herpes antigen coding
sequence. The polyadenylation signal can be a SV40 poly-
adenylation signal, LTR polyadenylation signal, bovine
growth hormone (bGH) polyadenylation signal, human
growth hormone (hGH) polyadenylation signal, or human
[-globin polyadenylation signal. The SV40 polyadenylation
signal can be a polyadenylation signal from a pCEP4 vector
(Invitrogen, San Diego, Calif.).

The vector can also comprise an enhancer upstream of the
consensus herpes antigen coding sequence. The enhancer
can be necessary for DNA expression. The enhancer can be
human actin, human myosin, human hemoglobin, human
muscle creatine or a viral enhancer such as one from CMYV,
HA, RSV or EBV. Polynucleotide function enhances are
described in U.S. Pat. Nos. 5,593,972, 5,962,428, and
WO094/016737, the contents of each are fully incorporated
by reference.

The vector can also comprise a mammalian origin of
replication in order to maintain the vector extrachromoso-
mally and produce multiple copies of the vector in a cell.
The vector can be pVAX1, pCEP4 or pREP4 from Invitro-
gen (San Diego, Calif.), which can comprise the Epstein
Barr virus origin of replication and nuclear antigen EBNA-1
coding region, which can produce high copy episomal
replication without integration. The vector can be pVAX1 or
a pVaxl variant (FIG. 1) with changes such as those
included in SEQ ID NO:76. The variant pVax1 plasmid is a
2998 basepair variant of the backbone vector plasmid
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pVAX1 (Invitrogen, Carlsbad Calif.). The CMV promoter is
located at bases 137-724. The T7 promoter/priming site is at
bases 664-683. Multiple cloning sites are at bases 696-811.
Bovine GH polyadenylation signal is at bases 829-1053. The
Kanamycin resistance gene is at bases 1226-2020. The pUC
origin is at bases 2320-2993. Based upon the sequence of
pVAXI1 available from Invitrogen, the following mutations
were found in the sequence of pVAX1 that was used as the
backbone for plasmids 1-6 set forth herein:

C>G 241 in CMV promoter

C>T 1942 backbone, downstream of the bovine growth

hormone polyadenylation signal (bGHpolyA)

A>—2876 backbone, downstream of the Kanamycin

gene

C>T 3277 in pUC origin of replication (Ori) high copy

number mutation (see Nucleic Acid Research 1985)

G>C 3753 in very end of pUC On upstream of RNASeH

site

Base pairs 2, 3 and 4 are changed from ACT to CTG in

backbone, upstream of CMV promoter. The backbone
of the vector can be pAV0242. The vector can be a
replication defective adenovirus type 5 (AdS) vector.

The vector can also comprise a regulatory sequence,
which can be well suited for gene expression in a mamma-
lian or human cell into which the vector is administered. The
consensus herpes antigen coding sequence can comprise a
codon, which can allow more efficient transcription of the
coding sequence in the host cell.

The vector can be pSE420 (Invitrogen, San Diego, Calif.),
which can be used for protein production in Escherichia coli
(E. coli). The vector can also be pYES2 (Invitrogen, San
Diego, Calif.), which can be used for protein production in
Saccharomyces cerevisiae strains of yeast. The vector can
also be of the MAXBAC™ complete baculovirus expression
system (Invitrogen, San Diego, Calif.), which can be used
for protein production in insect cells. The vector can also be
pcDNA I or pcDNA3 (Invitrogen, San Diego, Calif.), which
maybe used for protein production in mammalian cells such
as Chinese hamster ovary (CHO) cells. The vector can be
expression vectors or systems to produce protein by routine
techniques and readily available starting materials including
Sambrook et al., Molecular Cloning an Laboratory Manual,
Second Ed., Cold Spring Harbor (1989), which is incorpo-
rated fully by reference.

4. Pharmaceutical Compositions

Provided herein are pharmaceutical compositions accord-
ing to the present invention which comprise about 1 nano-
gram to about 10 mgs of DNA. In some embodiments,
pharmaceutical compositions according to the present
invention comprise from between: 1) at least 10, 15, 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 100
nanograms, or at least 1, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50,
55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120,
125, 130, 135, 140, 145, 150, 155, 160, 165, 170, 175, 180,
185, 190, 195, 200, 205, 210, 215, 220, 225, 230, 235, 240,
245, 250, 255, 260, 265, 270, 275, 280, 285, 290, 295, 300,
305, 310, 315, 320, 325, 330, 335, 340, 345, 350, 355, 360,
365, 370, 375, 380, 385, 390, 395, 400, 405, 410, 415, 420,
425, 430, 435, 440, 445, 450, 455, 460, 465, 470, 475, 480,
485, 490, 495, 500, 605, 610, 615, 620, 625, 630, 635, 640,
645, 650, 655, 660, 665, 670, 675, 680, 685, 690, 695, 700,
705, 710, 715, 720, 725, 730, 735, 740, 745, 750, 755, 760,
765, 770, 775, 780, 785, 790, 795, 800, 805, 810, 815, 820,
825, 830, 835, 840, 845, 850, 855, 860, 865, 870, 875, 880,
885, 890, 895. 900, 905, 910, 915, 920, 925, 930, 935, 940,
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945, 950, 955, 960, 965, 970, 975, 980, 985, 990, 995 or
1000 micrograms, or at least 1.5,2,2.5,3,3.5,4,4.5,5,5.5,
6, 6.5,7,17.5,8,8.5,9,9.5 or 10 mg or more; and 2) up to
and including 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80, 85, 90, 95 or 100 nanograms, or up to and including
1,5, 10,15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80,
85, 90, 95, 100, 105, 110, 115, 120, 125, 130, 135, 140, 145,
150, 155, 160, 165, 170, 175, 180, 185, 190, 195, 200, 205,
210, 215, 220, 225, 230, 235, 240, 245, 250, 255, 260, 265,
270, 275, 280, 285, 290, 295, 300, 305, 310, 315, 320, 325,
330, 335, 340, 345, 350, 355, 360, 365, 370, 375, 380, 385,
390, 395, 400, 405, 410, 415, 420, 425, 430, 435, 440, 445,
450, 455, 460, 465, 470, 475, 480, 485, 490, 495, 500, 605,
610, 615, 620, 625, 630, 635, 640, 645, 650, 655, 660, 665,
670, 675, 680, 685, 690, 695, 700, 705, 710, 715, 720, 725,
730, 735, 740, 745, 750, 755, 760, 765, 770, 775, 780, 785,
790, 795, 800, 805, 810, 815, 820, 825, 830, 835, 840, 845,
850, 855, 860, 865, 870, 875, 880, 885, 890, 895. 900, 905,
910, 915, 920, 925, 930, 935, 940, 945, 950, 955, 960, 965,
970, 975, 980, 985, 990, 995, or 1000 micrograms, or up to
and including 1.5, 2,2.5,3,3.5,4,4.5,5,55,6,6.5,7,7.5,
8,8.5,9,9.5 or 10 mgs. In some embodiments, pharmaceu-
tical compositions according to the present invention com-
prise about 5 nanograms to about 10 mgs of DNA. In some
embodiments, pharmaceutical compositions according to
the present invention comprise about 25 nanograms to about
5 mgs of DNA. In some embodiments, the pharmaceutical
compositions contain about 50 nanograms to about 1 mg of
DNA. In some embodiments, the pharmaceutical composi-
tions contain about 0.1 to about 500 micrograms of DNA. In
some embodiments, the pharmaceutical compositions con-
tain about 1 to about 350 micrograms of DNA. In some
embodiments, the pharmaceutical compositions contain
about 5 to about 250 micrograms of DNA. In some embodi-
ments, the pharmaceutical compositions contain about 10 to
about 200 micrograms of DNA. In some embodiments, the
pharmaceutical compositions contain about 15 to about 150
micrograms of DNA. In some embodiments, the pharma-
ceutical compositions contain about 20 to about 100 micro-
grams of DNA. In some embodiments, the pharmaceutical
compositions contain about 25 to about 75 micrograms of
DNA. In some embodiments, the pharmaceutical composi-
tions contain about 30 to about 50 micrograms of DNA. In
some embodiments, the pharmaceutical compositions con-
tain about 35 to about 40 micrograms of DNA. In some
embodiments, the pharmaceutical compositions contain
about 100 to about 200 microgram DNA. In some embodi-
ments, the pharmaceutical compositions comprise about 10
microgram to about 100 micrograms of DNA. In some
embodiments, the pharmaceutical compositions comprise
about 20 micrograms to about 80 micrograms of DNA. In
some embodiments, the pharmaceutical compositions com-
prise about 25 micrograms to about 60 micrograms of DNA.
In some embodiments, the pharmaceutical compositions
comprise about 30 nanograms to about 50 micrograms of
DNA. In some embodiments, the pharmaceutical composi-
tions comprise about 35 nanograms to about 45 micrograms
of DNA. In some preferred embodiments, the pharmaceu-
tical compositions contain about 0.1 to about 500 micro-
grams of DNA. In some preferred embodiments, the phar-
maceutical compositions contain about 1 to about 350
micrograms of DNA. In some preferred embodiments, the
pharmaceutical compositions contain about 25 to about 250
micrograms of DNA. In some preferred embodiments, the
pharmaceutical compositions contain about 100 to about 200
microgram DNA.
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The pharmaceutical compositions according to the pres-
ent invention are formulated according to the mode of
administration to be used. In cases where pharmaceutical
compositions are injectable pharmaceutical compositions,
they are sterile, pyrogen free and particulate free. An iso-
tonic formulation is preferably used. Generally, additives for
isotonicity can include sodium chloride, dextrose, mannitol,
sorbitol and lactose. In some cases, isotonic solutions such
as phosphate buffered saline are preferred. Stabilizers
include gelatin and albumin. In some embodiments, a vaso-
constriction agent is added to the formulation.

Preferably the pharmaceutical composition is a vaccine,
and more preferably a DNA vaccine.

Provided herein is a vaccine capable of generating in a
mammal an immune response against herpes virus antigens.
The vaccine can comprise the genetic construct as discussed
above. The vaccine can comprise a plurality of the vectors
each directed to one or more herpes virus antigens. The
vaccine may comprise one or more nucleic acid sequences
that encode one or more consensus herpes virus antigens.
When the vaccine comprises more than one consensus
herpes virus nucleic acid sequences, all such sequences may
be present on a single nucleic acid molecule or each such
sequences may be present on a different nucleic acid mol-
ecule. Alternatively, vaccines that comprise more than one
consensus herpes virus nucleic acid sequences may com-
prise nucleic acid molecules with a single consensus herpes
virus-nucleic acid sequence and nucleic acid molecules with
more than one consensus herpes virus nucleic acid
sequences. In addition, vaccines comprising one or more
consensus herpes virus nucleic acid sequences may further
comprise coding sequences for one or more herpes virus
antigens.

Vaccines may comprise one or more of the consensus
versions of the immunogenic proteins set forth herein and/or
vaccines may comprise one or more nucleic acid sequences
that encode one or more of the consensus versions of the
immunogenic proteins selected from this group. Vaccines
may comprise one or more of the consensus versions of the
immunogenic proteins set forth herein in combination with
other immunogenic herpes virus proteins with sequences
other than the consensus sequences disclosed herein includ-
ing wild type sequences and/or vaccines may comprise one
or more nucleic acid sequences that encode one or more of
the consensus versions of the immunogenic proteins selected
from this group in combination with nucleic acid molecules
that encode other immunogenic herpes virus proteins with
sequences other than the consensus sequences disclosed
herein including wild type sequences.

While not being bound by scientific theory, a vaccine that
can be used to elicit an immune response (humoral, cellular,
or both) broadly against herpes virus may comprise one or
more of the following nucleic acid sequences that encodes
one or more herpes virus antigens selected from the group
consisting of: a) for HCMV: consensus gB, consensus gM,
consensus gN4-c, consensus gH, consensus gl., consensus
g0-5, consensus UL128, consensus UL130, consensus
UL131a, consensus UL83; b) for HSV1: consensus gB,
consensus gH, consensus gL, consensus gC, and consensus
gD; ¢) for HSV2: consensus gB, consensus gH, consensus
gL, consensus gC, and consensus gD; d) for CeHV1: con-
sensus gB, consensus gH, consensus gl., consensus gC, and
consensus gD; and e) for VZV: consensus gB, consensus gH,
consensus gL, consensus gC, and consensus gK, consensus
gM, consensus gN, consensus gE, and consensus gl; pro-
teins homologous to any of the consensus herpes antigens,
above; fragments of any of the consensus herpes antigens,
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above; and fragments of proteins homologous to any of the
consensus herpes antigens, above. In addition, vaccines
comprising any of the above nucleic acid sequences may
further comprise one or more nucleic acid sequences encod-
ing one or more proteins selected from the group consisting
of: a) for HCMV: gB, gM, gN, gH, gl., gO, UL.128, UL130,
UL131a, and UL83; b) for HSV1: gB, gH, gl., gC, and gD;
c) for HSV2: gB, gH, gl., gC, and gD, d) for CeHV1: gB,
gH, g, gC, and gD; and e) for VZV: gB, gH, gl., gC, gK,
gM, gN, gE, and gl. Alternatively, vaccines may comprise
one or more protein molecules instead of or in addition to
any coding sequence set forth above.

Vaccines may comprise coding sequences for consensus
protein gB (SEQ ID NO:2 and/or SEQ ID NO:22 and/or
SEQ ID NO:42). Vaccines may comprise coding sequences
for consensus protein gB (SEQ ID NO:2 and/or SEQ ID
NO:22 and/or SEQ ID NO:42) plus one or more coding
sequences for gM, gN, gH, gl., gO, UL128, UL.130, UL.131a
and UL83. Vaccines may comprise coding sequences for
consensus protein gB (SEQ ID NO:2 and/or SEQ ID NO:22
and/or SEQ ID NO:42). plus coding sequences for one or
more of (SEQ ID NO:4), (SEQ ID NO:6), (SEQ ID NO:8),
(SEQ ID NO:10), (SEQ ID NO:12), (SEQ ID NO:14), (SEQ
ID NO:16), (SEQ ID NO:18), (SEQ ID NO:20), (SEQ ID
NO:24), (SEQ ID NO:26), (SEQ ID NO:28), (SEQ ID
NO:30), (SEQ ID NO:32), (SEQ ID NO:34), (SEQ ID
NO:36), (SEQ ID NO:38), (SEQ ID NO:40), (SEQ ID
NO:44), (SEQ ID NO:46), (SEQ ID NO:48), (SEQ ID
NO:50), (SEQ ID NO:52), (SEQ ID NO:54), (SEQ ID
NO:56), (SEQ ID NO:58), (SEQ ID NO:60).

Vaccines may comprise specific coding sequences encod-
ing consensus protein gB SEQ ID NO:1 and/or SEQ ID
NO:21 and/or SEQ ID NO:41. Vaccines may comprise
consensus protein gB coding sequences SEQ ID NO:1
and/or SEQ ID NO:21 and/or SEQ ID NO:41 plus one or
more coding sequences for gM, gN, gH, gl., gO, UL128,
UL130, UL131a and ULS83. Vaccines may comprise gB
coding sequences (SEQ ID NO:1 and/or SEQ ID NO:21
and/or SEQ ID NO:41). plus consensus protein coding
sequences (SEQ ID NO:3), (SEQ ID NO:5), (SEQ ID
NO:7), (SEQ ID NO:9), (SEQ ID NO:11), (SEQ ID NO:13),
(SEQ ID NO:15), (SEQ ID NO:17), (SEQ ID NO:19), (SEQ
1D NO:23), (SEQ ID NO:25), (SEQ ID NO:27), (SEQ ID
NO:29), (SEQ ID NO:31), (SEQ ID NO:33), (SEQ ID
NO:35), (SEQ ID NO:37), (SEQ ID NO:39) (SEQ ID
NO:43), (SEQ ID NO:45), (SEQ ID NO:47), (SEQ ID
NO:49), (SEQ ID NO:51), (SEQ ID NO:53), (SEQ ID
NO:55), (SEQ ID NO:57), and (SEQ ID NO:59).

Vaccines may comprise coding sequences for consensus
protein gM (SEQ ID NO:4 and/or SEQ ID NO:24 and/or
SEQ ID NO:44). Vaccines may comprise coding sequences
for consensus protein gM (SEQ ID NO:4 and/or SEQ ID
NO:24 and/or SEQ ID NO:44) plus one or more coding
sequences for gB, gN, gH, g, gO, UL128, UL130, UL131a
and UL83. Vaccines may comprise coding sequences for
consensus protein gM (SEQ TD NO:4 and/or SEQ ID
NO:24 and/or SEQ ID NO:44). plus coding sequences for
one or more of (SEQ ID NO:2), (SEQ ID NO:6), (SEQ ID
NO:8), (SEQ ID NO:10), (SEQ ID NO:12), (SEQ ID
NO:14), (SEQ ID NO:16), (SEQ ID NO:18), (SEQ ID
NO:20), (SEQ ID NO:22), (SEQ ID NO:26), (SEQ ID
NO:28), (SEQ ID NO:30), (SEQ ID NO:32), (SEQ ID
NO:34), (SEQ ID NO:36), (SEQ ID NO:38), (SEQ ID
NO:40), (SEQ ID NO:42), (SEQ ID NO:46), (SEQ ID
NO:48), (SEQ ID NO:50), (SEQ ID NO:52), (SEQ ID
NO:54), (SEQ ID NO:56), (SEQ ID NO:58), and (SEQ ID
NO:60).
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Vaccines may comprise specific coding sequences encod-
ing consensus protein gM SEQ ID NO:3 and/or SEQ ID
NO:23 and/or SEQ ID NO:43. Vaccines may comprise
consensus protein gM coding sequences SEQ ID NO:3
and/or SEQ ID NO:23 and/or SEQ ID NO:43 plus one or
more coding sequences for gB, gN, gH, gl., gO, UL128,
UL130, UL131a and UL83. Vaccines may comprise gM
coding sequences (SEQ ID NO:3 and/or SEQ ID NO:23
and/or SEQ ID NO:43). plus consensus protein coding
sequences (SEQ ID NO:1), (SEQ ID NO:5), (SEQ ID
NO:7), (SEQ ID NO:9), (SEQ ID NO:11), (SEQ ID NO:13),
(SEQ ID NO:15), (SEQ ID NO:17), (SEQ ID NO:19), (SEQ
ID NO:21), (SEQ ID NO:25), (SEQ ID NO:27), (SEQ ID
NO:29), (SEQ ID NO:31), (SEQ ID NO:33), (SEQ ID
NO:35), (SEQ ID NO:37), (SEQ ID NO:39). SEQ ID
NO:41), (SEQ ID NO:45), (SEQ ID NO:47), (SEQ ID
NO:49), (SEQ ID NO:51), (SEQ ID NO:53), (SEQ ID
NO:55), (SEQ ID NO:57), and (SEQ ID NO:59).

Vaccines may comprise coding sequences for consensus
protein gN (SEQ ID NO:6 and/or SEQ ID NO:26 and/or
SEQ ID NO:46). Vaccines may comprise coding sequences
for consensus protein gN (SEQ ID NO:6 and/or SEQ ID
NO:26 and/or SEQ ID NO:46) plus one or more coding
sequences for gB, gM, gH, gl., gO, UL128, UL.130, UL131a
and UL83. Vaccines may comprise coding sequences for
consensus protein gN (SEQ ID NO:6 and/or SEQ ID NO:26
and/or SEQ ID NO:46). plus coding sequences for one or
more of (SEQ ID NO:2), (SEQ ID NO:4), (SEQ ID NO:8),
(SEQ ID NO:10), (SEQ ID NO:12), (SEQ ID NO:14), (SEQ
ID NO:16), (SEQ ID NO:18), (SEQ ID NO:20), (SEQ ID
NO:22), (SEQ ID NO:24), (SEQ ID NO:28), (SEQ ID
NO:30), (SEQ ID NO:32), (SEQ ID NO:34), (SEQ ID
NO:36), (SEQ ID NO:38), (SEQ ID NO:40). SEQ ID
NO:42), (SEQ ID NO:44), (SEQ ID NO:48), (SEQ ID
NO:50), (SEQ ID NO:52), (SEQ ID NO:54), (SEQ ID
NO:56), (SEQ ID NO:58), and (SEQ TD NO:60).

Vaccines may comprise specific coding sequences encod-
ing consensus protein gN SEQ ID NO:5 and/or SEQ ID
NO:25 and/or SEQ ID NO:45. Vaccines may comprise
consensus protein gN coding sequences SEQ ID NO:5
and/or SEQ ID NO:25 and/or SEQ ID NO:45 plus one or
more coding sequences for gB, gM, gH, gl., gO, UL128,
UL130, UL131a and ULS83. Vaccines may comprise gN
coding sequences (SEQ ID NO:5 and/or SEQ ID NO:25
and/or SEQ ID NO:45). plus consensus protein coding
sequences (SEQ ID NO:1), (SEQ ID NO:3), (SEQ ID
NO:7), (SEQ ID NO:9), (SEQ ID NO:11), (SEQ ID NO:13),
(SEQ ID NO:15), (SEQ ID NO:17), (SEQ ID NO:19), (SEQ
ID NO:21), (SEQ ID NO:23), (SEQ ID NO:27), (SEQ ID
NO:29), (SEQ ID NO:31), (SEQ ID NO:33), (SEQ ID
NO:35), (SEQ ID NO:37), (SEQ ID NO:39). SEQ ID
NO:41), (SEQ ID NO:43), (SEQ ID NO:47), (SEQ ID
NO:49), (SEQ ID NO:51), (SEQ ID NO:53), (SEQ ID
NO:55), (SEQ ID NO:57), and (SEQ ID NO:59).

Vaccines may comprise coding sequences for consensus
protein gH (SEQ ID NO:8 and/or SEQ ID NO:28 and/or
SEQ ID NO:48). Vaccines may comprise coding sequences
for consensus protein gH (SEQ ID NO:8 and/or SEQ ID
NO:28 and/or SEQ ID NO:48) plus one or more coding
sequences for gB, gM, gN, gl., gO, UL128, UL.130, UL131a
and UL83. Vaccines may comprise coding sequences for
consensus protein gH (SEQ ID NO:8 and/or SEQ ID NO:28
and/or SEQ ID NO:48). plus coding sequences for one or
more of (SEQ ID NO:2), (SEQ ID NO:4), (SEQ ID NO:6),
(SEQ ID NO:10), (SEQ ID NO:12), (SEQ ID NO:14), (SEQ
ID NO:16), (SEQ ID NO:18), (SEQ ID NO:20), (SEQ ID
NO:22), (SEQ ID NO:24), (SEQ ID NO:26), (SEQ ID
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(SEQ ID NO:32), (SEQ ID NO:34),
(SEQ ID NO:38), (SEQ ID NO:40),
(SEQ ID NO:44), (SEQ ID NO:46),
NO:50), (SEQ ID NO:52), (SEQ ID NO:54),
NO:56), (SEQ ID NO:58), (SEQ ID NO:60).

Vaccines may comprise specific coding sequences encod-
ing consensus protein gH SEQ ID NO:7 and/or SEQ ID
NO:27 and/or SEQ ID NO:47. Vaccines may comprise
consensus protein gH coding sequences SEQ ID NO:7
and/or SEQ ID NO:27 and/or SEQ ID NO:47 plus one or
more coding sequences for gB, gM, gN, gl., gO, UL128,
UL130, UL131a and UL83. Vaccines may comprise gH
coding sequences (SEQ ID NO:7 and/or SEQ ID NO:27
and/or SEQ ID NO:47) plus consensus protein coding
sequences (SEQ ID NO:1), (SEQ ID NO:3), (SEQ TD
NO:5), (SEQ ID NO:9), (SEQ TD NO:11), (SEQ ID
NO:13), (SEQ ID NO:15), (SEQ ID NO:17), (SEQ ID
NO:19), (SEQ ID NO:21), (SEQ ID NO:23), (SEQ ID
NO:25), (SEQ ID NO:29), (SEQ ID NO:31), (SEQ ID
NO:33), (SEQ ID NO:35), (SEQ ID NO:37), (SEQ ID
NO:39), (SEQ ID NO:41), (SEQ ID NO:43), (SEQ ID
NO:45), (SEQ ID NO:49), (SEQ ID NO:51), (SEQ ID
NO:53), (SEQ ID NO:55), (SEQ ID NO:57), and (SEQ ID
NO:59)

Vaccines may comprise coding sequences for consensus
protein gl. (SEQ ID NO:10 and/or SEQ ID NO:30 and/or
SEQ ID NO:50). Vaccines may comprise coding sequences
for consensus protein gl (SEQ ID NO:10 and/or SEQ ID
NO:30 and/or SEQ ID NO:50) plus one or more coding
sequences for gB, gM, gN, gH, gO, UL128, UL.130, UL131a
and UL83. Vaccines may comprise coding sequences for
consensus protein gl (SEQ ID NO:10 and/or SEQ ID NO:30
and/or SEQ ID NO:50) plus coding sequences for one or
more of (SEQ ID NO:2), (SEQ ID NO:4), (SEQ ID NO:6),
(SEQ ID NO:8), (SEQ ID NO:12), (SEQ ID NO:14), (SEQ
ID NO:16), (SEQ ID NO:18), (SEQ ID NO:20), (SEQ ID
NO:22), (SEQ ID NO:24), (SEQ ID NO:26), (SEQ ID
NO:28), (SEQ ID NO:32), (SEQ ID NO:34), (SEQ ID
NO:36), (SEQ ID NO:38), (SEQ ID NO:40), (SEQ ID
NO:42), (SEQ ID NO:44), (SEQ ID NO:46), (SEQ ID
NO:48), (SEQ ID NO:52), (SEQ ID NO:54), (SEQ ID
NO:56), (SEQ ID NO:58), (SEQ ID NO:60).

Vaccines may comprise specific coding sequences encod-
ing consensus protein gl. SEQ ID NO:9 and/or SEQ ID
NO:29 and/or SEQ ID NO:49. Vaccines may comprise
consensus protein gl, coding sequences SEQ ID NO:9
and/or SEQ ID NO:29 and/or SEQ ID NO:49 plus one or
more coding sequences for gB, gM, gN, gH, gO, UL128,
UL130, UL131a and UL83. Vaccines may comprise gl
coding sequences (SEQ ID NO:9 and/or SEQ ID NO:29
and/or SEQ ID NO:49) plus consensus protein coding
sequences (SEQ ID NO:1), (SEQ ID NO:3), (SEQ ID
NO:5), (SEQ ID NO:7), (SEQ ID NO:11), (SEQ ID NO:13),
(SEQ ID NO:15), (SEQ ID NO:17), (SEQ ID NO:19), (SEQ
ID NO:21), (SEQ ID NO:23), (SEQ ID NO:25), (SEQ ID
NO:27), (SEQ ID NO:31), (SEQ ID NO:33), (SEQ ID
NO:35), (SEQ ID NO:37), (SEQ ID NO:39), (SEQ ID
NO:41), (SEQ ID NO:43), (SEQ ID NO:45), (SEQ ID
NO:47), (SEQ ID NO:51), (SEQ ID NO:53), (SEQ ID
NO:55), (SEQ ID NO:57), and (SEQ ID NO:59).

Vaccines may comprise coding sequences for consensus
protein gO (SEQ TD NO:12 and/or SEQ ID NO:32 and/or
SEQ ID NO:52). Vaccines may comprise coding sequences
for consensus protein gO (SEQ ID NO:12 and/or SEQ ID
NO:32 and/or SEQ ID NO:52) plus one or more coding
sequences for gB, gM, gN, gH, g, ULL128, UL.130, UL.131a
and UL83. Vaccines may comprise coding sequences for

NO:30),
NO:36),
NO:42),

(SEQ ID
(SEQ ID
(SEQ ID
(SEQ ID



US 9,994,619 B2

35

consensus protein gO (SEQ ID NO:12 and/or SEQ ID
NO:32 and/or SEQ ID NO:52) plus coding sequences for
one or more of (SEQ ID NO:2), (SEQ ID NO:4), (SEQ ID
NO:6), (SEQ ID NO:8), (SEQ ID NO:10), (SEQ ID NO:14),
(SEQ ID NO:16), (SEQ ID NO:18), (SEQ ID NO:20), (SEQ
ID NO:22), (SEQ ID NO:24), (SEQ ID NO:26), (SEQ ID
NO:28), (SEQ ID NO:30), (SEQ ID NO:34), (SEQ ID
NO:36), (SEQ ID NO:38), (SEQ ID NO:40) (SEQ ID
NO:42), (SEQ ID NO:44), (SEQ ID NO:46), (SEQ ID
NO:48), (SEQ ID NO:50), (SEQ ID NO:54), (SEQ ID
NO:56), (SEQ ID NO:58), (SEQ ID NO:60).

Vaccines may comprise specific coding sequences encod-
ing consensus protein gO SEQ ID NO:11 and/or SEQ ID
NO:31 and/or SEQ ID NO:51. Vaccines may comprise
consensus protein gO coding sequences SEQ ID NO:11
and/or SEQ ID NO:31 and/or SEQ ID NO:51 plus one or
more coding sequences for gB, gM, gN, gH, gl., UL128,
UL130, UL131a and ULS83. Vaccines may comprise gO
coding sequences (SEQ ID NO:11 and/or SEQ ID NO:31
and/or SEQ ID NO:51) plus consensus protein coding
sequences (SEQ ID NO:1), (SEQ ID NO:3), (SEQ ID
NO:5), (SEQ ID NO:7), (SEQ ID NO:9), (SEQ ID NO:13),
(SEQ ID NO:15), (SEQID NO:17), (SEQ ID NO:19), (SEQ
ID NO:21), (SEQ ID N0O:23), (SEQ ID NO:25), (SEQ ID
NO:27), (SEQ ID NO:29), (SEQ ID NO:33), (SEQ ID
NO:35), (SEQ ID NO:37), (SEQ ID NO:39), (SEQ ID
NO:41), (SEQ ID NO:43), (SEQ ID NO:45), (SEQ ID
NO:47), (SEQ ID NO:49), (SEQ ID NO:53), (SEQ ID
NO:55), (SEQ ID NO:57), and (SEQ ID NO:59).

Vaccines may comprise coding sequences for consensus
protein UL128 (SEQ ID NO:14 and/or SEQ ID NO:34
and/or SEQ ID NO:54). Vaccines may comprise coding
sequences for consensus protein UL128 (SEQ ID NO:14
and/or SEQ ID NO:34 and/or SEQ ID NO:54) plus one or
more coding sequences for gB, gM, gN, gH, gl., gO, UL.130,
UL131a and ULS83. Vaccines may comprise coding
sequences for consensus protein UL128 (SEQ ID NO:14
and/or SEQ ID NO:34 and/or SEQ ID NO:54) plus coding
sequences for one or more of (SEQ ID NO:2), (SEQ ID
NO:4), (SEQ ID NO:6), (SEQ ID NO:8), (SEQ ID NO:10),
(SEQ TD NO:12), (SEQ TD NO:16), (SEQ TD NO:18),
(SEQ TD NO:20), (SEQ ID NO:22), (SEQ ID NO:24),
(SEQ ID NO:26), (SEQ ID NO:28), (SEQ ID NO:30), (SEQ
ID NO:32), (SEQ ID NO:36), (SEQ ID NO:38), (SEQ ID
NO:40), (SEQ ID NO:42), (SEQ ID NO:44), (SEQ ID
NO:46), (SEQ ID NO:48), (SEQ ID NO:50), (SEQ ID
NO:52), (SEQ ID NO:56), (SEQ ID NO:58), (SEQ ID
NO:60).

Vaccines may comprise specific coding sequences encod-
ing consensus protein UL128 SEQ ID NO:13 and/or SEQ ID
NO:33 and/or SEQ ID NO:53. Vaccines may comprise
consensus protein UL128 coding sequences SEQ ID NO:13
and/or SEQ ID NO:33 and/or SEQ ID NO:53 plus one or
more coding sequences for gB, gM, gN, gH, gl., gO, UL.130,
UL131a and UL83. Vaccines may comprise UL128 coding
sequences (SEQ ID NO:13 and/or SEQ ID NO:33 and/or
SEQ ID NO:53) plus consensus protein coding sequences
(SEQ ID NO:1), (SEQ ID NO:3), (SEQ ID NO:5), (SEQ ID
NO:7), (SEQ ID NO:9), (SEQ ID NO:11), (SEQ ID NO:15),
(SEQ ID NO:17), (SEQID NO:19), (SEQ ID NO:21), (SEQ
ID NO:23), (SEQ ID NO:25), (SEQ ID NO:27), (SEQ ID
NO:29), (SEQ ID NO:31), (SEQ ID NO:35), (SEQ ID
NO:37), (SEQ ID NO:39), (SEQ ID NO:41), (SEQ ID
NO:43), (SEQ ID NO:45), (SEQ ID NO:47), (SEQ ID
NO:49), (SEQ ID NO:51), (SEQ ID NO:55), (SEQ ID
NO:57), and (SEQ ID NO:59).

10

15

20

25

30

40

45

50

55

60

65

36

Vaccines may comprise coding sequences for consensus
protein UL 130 SEQ ID NO:16 and/or SEQ ID NO:36 and/or
SEQ ID NO:56). Vaccines may comprise coding sequences
for consensus protein UL130 (SEQ ID NO:16 and/or SEQ
ID NO:36 and/or SEQ ID NO:56) plus one or more coding
sequences for gB, gM, gN, gH, gl., gO, UL128, UL131a and
ULS83. Vaccines may comprise coding sequences for con-
sensus protein UL130 (SEQ ID NO:16 and/or SEQ ID
NO:36 and/or SEQ ID NO:56) plus coding sequences for
one or more of (SEQ ID NO:2), (SEQ ID NO:4), (SEQ ID
NO:6), (SEQ ID NO:8), (SEQ ID NO:10), (SEQ ID NO:12),
(SEQ ID NO:14), (SEQ ID NO:18), (SEQ ID NO:20), (SEQ
ID NO:22), (SEQ ID NO:24), (SEQ ID NO:26), (SEQ ID
NO:28), (SEQ ID NO:30), (SEQ ID NO:32), (SEQ ID
NO:34), (SEQ ID NO:38), (SEQ ID NO:40), (SEQ ID
NO:42), (SEQ ID NO:44), (SEQ ID NO:46), (SEQ ID
NO:48), (SEQ ID NO:50), (SEQ ID NO:52), (SEQ ID
NO:54), (SEQ ID NO:58), (SEQ ID NO:60).

Vaccines may comprise specific coding sequences encod-
ing consensus protein UL130 (SEQ ID NO:15 and/or SEQ
ID NO:35 and/or SEQ ID NO:55). Vaccines may comprise
consensus protein UL130 coding sequences SEQ TD NO:15
and/or SEQ TD NO:35 and/or SEQ ID NO:55 plus one or
more coding sequences for gB, gM, gN, gH, gl., gO, UL.128,
UL131a and ULS83. Vaccines may comprise UL 130 coding
sequences (SEQ ID NO:15 and/or SEQ ID NO:35 and/or
SEQ ID NO:55) plus consensus protein coding sequences
(SEQ ID NO:1), (SEQ ID NO:3), (SEQ ID NO:5), (SEQ ID
NO:7), (SEQ ID NO:9), (SEQ ID NO:11), (SEQ ID NO:13),
(SEQ IDNO:17), (SEQID NO:19), (SEQ ID NO:21), (SEQ
ID NO:23), (SEQ ID NO:25), (SEQ ID NO:27), (SEQ ID
NO:29), (SEQ ID NO:31), (SEQ ID NO:33), (SEQ ID
NO:37), (SEQ ID NO:39), (SEQ ID NO:41), (SEQ ID
NO:43), (SEQ ID NO:45), (SEQ ID NO:47), (SEQ ID
NO:49), (SEQ ID NO:51), (SEQ ID NO:53), (SEQ ID
NO:57), and (SEQ ID NO:59).

Vaccines may comprise coding sequences for consensus
protein UL131a (SEQ ID NO:18 and/or SEQ ID NO:38
and/or SEQ ID NO:58). Vaccines may comprise coding
sequences for consensus protein UL131a (SEQ ID NO:18
and/or SEQ ID NO:38 and/or SEQ ID NO:58) plus one or
more coding sequences for gB, gM, gN, gH, gl., gO, UL.128,
UL130 and UL83. Vaccines may comprise coding sequences
for consensus protein UL131a (SEQ ID NO:18 and/or SEQ
ID NO:38 and/or SEQ ID NO:58) plus coding sequences for
one or more of (SEQ ID NO:2), (SEQ ID NO:4), (SEQ ID
NO:6), (SEQ ID NO:8), (SEQ ID NO:10), (SEQ ID NO:12),
(SEQ ID NO:14), (SEQ ID NO:16), (SEQ ID NO:20), (SEQ
ID NO:22), (SEQ ID NO:24), (SEQ ID NO:26), (SEQ ID
NO:28), (SEQ ID NO:30), (SEQ ID NO:32), (SEQ ID
NO:34), (SEQ ID NO:36), and (SEQ ID NO:40), (SEQ ID
NO:42), (SEQ ID NO:44), (SEQ ID NO:46), (SEQ ID
NO:48), (SEQ ID NO:50), (SEQ ID NO:52), (SEQ ID
NO:54), (SEQ ID NO:56), and (SEQ ID NO:60).

Vaccines may comprise specific coding sequences encod-
ing consensus protein UL131a SEQ ID NO:17 and/or SEQ
ID NO:37 and/or SEQ ID NO:57. Vaccines may comprise
consensus protein UL.131a coding sequences SEQ ID NO:17
and/or SEQ ID NO:37 and/or SEQ ID NO:57 plus one or
more coding sequences for gB, gM, gN, gH, gl., gO, UL.128,
UL130 and ULS83. Vaccines may comprise UL131a coding
sequences (SEQ ID NO:17 and/or SEQ ID NO:57 and/or
SEQ ID NO:37) plus consensus protein coding sequences
(SEQ ID NO:1), (SEQ ID NO:3), (SEQ ID NO:5), (SEQ ID
NO:7), (SEQ ID NO:9), (SEQ ID NO:11), (SEQ ID NO:13),
(SEQ IDNO:15), (SEQID NO:19), (SEQ ID NO:21), (SEQ
ID NO:23), (SEQ ID NO:25), (SEQ ID NO:27), (SEQ ID
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(SEQ ID NO:31), (SEQ ID NO:33), (SEQ ID
(SEQ TD NO:39), (SEQ ID NO:41), (SEQ ID
(SEQ ID NO:45), (SEQ ID NO:47), (SEQ ID
NO:49), (SEQ ID NO:51), (SEQ ID NO:53), (SEQ ID
NO:55), and (SEQ ID NO:59).

Vaccines may comprise coding sequences for consensus
protein UL83 SEQ ID NO:20 and/or SEQ ID NO:40 and/or
SEQ ID NO:6). Vaccines may comprise coding sequences
for consensus protein UL83 (SEQ ID NO:20 and/or SEQ ID
NO:40 and/or SEQ ID NO:60) plus one or more coding
sequences for gB, gM, gN, gH, gl., gO, UL128, UL130 and
UL131a. Vaccines may comprise coding sequences for con-
sensus protein UL83 (SEQ ID NO:20 and/or SEQ ID NO:40
and/or SEQ ID NO:60) plus coding sequences for one or
more of (SEQ ID NO:2), (SEQ ID NO:4), (SEQ ID NO:6),
(SEQ ID NO:8), (SEQ ID NO:10), (SEQ ID NO:12), (SEQ
ID NO:14), (SEQ ID NO:16), (SEQ ID NO:18), (SEQ ID
NO:22), (SEQ ID NO:24), (SEQ ID NO:26), (SEQ ID
NO:28), (SEQ ID NO:30), (SEQ ID NO:32), (SEQ ID
NO:34), (SEQ ID NO:36), (SEQ ID NO:38), (SEQ ID
NO:42), (SEQ ID NO:44), (SEQ ID NO:46), (SEQ ID
NO:48), (SEQ ID NO:50), (SEQ ID NO:52), (SEQ ID
NO:54), (SEQ ID NO:56), and (SEQ ID NO:58).

Vaccines may comprise specific coding sequences encod-
ing consensus protein UL83 SEQ ID NO:19 and/or SEQ ID
NO:39 and/or SEQ ID NO:59. Vaccines may comprise
consensus protein UL83 a coding sequences SEQ ID NO:19
and/or SEQ ID NO:39 and/or SEQ ID NO:59 plus one or
more coding sequences for gB, gM, gN, gH, gl., gO, UL.128,
UL130 and UL131a. Vaccines may comprise UL83 coding
sequences (SEQ ID NO:19 and/or SEQ ID NO:39 and/or
SEQ ID NO:59) plus consensus protein coding sequences
(SEQ ID NO:1), (SEQ ID NO:3), (SEQ ID NO:5), (SEQ ID
NO:7), (SEQ ID NO:9), (SEQ ID NO:11), (SEQ ID NO:13),
(SEQ ID NO:15), (SEQID NO:17), (SEQ ID NO:21), (SEQ
ID NO:23), (SEQ ID NO:25), (SEQ ID NO:27), (SEQ ID
NO:29), (SEQ ID NO:31), (SEQ ID NO:33), (SEQ ID
NO:35), (SEQ ID NO:37), (SEQ ID NO:41), (SEQ ID
NO:43), (SEQ ID NO:45), (SEQ ID NO:47), (SEQ ID
NO:49), (SEQ ID NO:51), (SEQ ID NO:53), (SEQ ID
NO:55), and (SEQ ID NO:57).

Vaccines may comprise specific coding sequences encod-
ing consensus protein HSV1-gB, HSV1-gH, HSV1-gl,
HSV-gC, or HSV1-gD, optionally with an IgE leader
sequence and/or HA tag. Vaccines may comprise any one of
the specific coding sequences encoding a consensus HSV1
protein, plus one or more coding sequences for any one or
more of the other HSV1 consensus proteins. Vaccines may
comprise a HSV1 coding sequence (DNA sequence) plus a
consensus HSV1 coding sequence for any one or more of the
other HSV1 coding sequences.

Vaccines may comprise specific coding sequences encod-
ing consensus protein HSV2-gB, HSV2-gH, HSV2-gl,
HSV2-gC, or HSV2-gD, optionally with an IgE leader
sequence and/or HA tag. Vaccines may comprise any one of
the specific coding sequences encoding a consensus HSV2
protein, plus one or more coding sequences for any one or
more of the other HSV2 consensus proteins. Vaccines may
comprise a HSV2 coding sequence (DNA sequence) plus a
consensus HSV2 coding sequence for any one or more of the
other HSV2 coding sequences.

Vaccines may comprise specific coding sequences encod-
ing consensus protein CeHV1-gB, CeHV1-gH, CeHV1-gl,
CeHV1-gC, or CeHV1-gD, optionally with an IgE leader
sequence and/or HA tag. Vaccines may comprise any one of
the specific coding sequences encoding a consensus CeHV1
protein, plus one or more coding sequences for any one or
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more of the other CeHV 1 consensus proteins. Vaccines may
comprise a CeHV1 coding sequence (DNA sequence) plus a
consensus CeHV1 coding sequence for any one or more of
the other CeHV1 coding sequences.

Vaccines may comprise specific coding sequences encod-
ing consensus protein VZV-gB, VZV-gH, VZV-gl., VZV-
gC, VZV-gK, VZV-gM, VZV-gN, VZV-gE, or VZV-gl,
optionally with an IgE leader sequence and/or HA tag.
Vaccines may comprise any one of the specific coding
sequences encoding a consensus VZV protein, plus one or
more coding sequences for any one or more of the other
VZV consensus proteins. Vaccines may comprise a VZV
coding sequence (DNA sequence) plus a consensus VZV
coding sequence for any one or more of the other VZV
coding sequences.

Some alternative embodiments include those which com-
prise nucleic acid sequences encoding immunogenic frag-
ments of one or more herpes virus antigens, one or more
proteins homologous to herpes virusantigens, and immuno-
genic fragments of one or more proteins homologous to
herpes virusantigens. Some alternative embodiments
include those which comprise one or more herpes virusan-
tigen proteins, immunogenic fragments of one or more
herpes virus antigens, one or more proteins homologous to
herpes virus antigens, and immunogenic fragments of one or
more proteins homologous to herpes virus antigens.

Some embodiments provide methods of generating
immune responses against herpes virus proteins comprise
administering to an individual one or more compositions
which collectively comprise one or more coding sequences
or combinations described herein. Some embodiments pro-
vide methods of prophylactically vaccinating an individual
against herpes virus infection comprise administering one or
more compositions which collectively comprise one or more
coding sequences or combinations described herein. Some
embodiments provide methods of therapeutically vaccinat-
ing an individual has been infected with herpes virus com-
prise administering one or more compositions which col-
lectively comprise one or more coding sequences or
combinations described herein.

The vaccine may be a DNA vaccine. The DNA vaccine
may comprise a plurality of the same or different plasmids
comprising one or more of consensus herpes virus nucleic
acid sequences. The DNA vaccine may comprise one or
more nucleic acid sequences that encode one or more
consensus herpes virus antigens. When the DNA vaccine
comprises more than one consensus herpes virus nucleic
acid sequences, all such sequences may be present on a
single plasmid, or each such sequences may be present on a
different plasmids, or some plasmids may comprise a single
consensus herpes virus nucleic acid sequences while other
plasmids have more than one consensus herpes virus nucleic
acid sequences. In addition, DNA vaccines may further
comprise one or more consensus coding sequences for one
or more herpes virus antigens. Such additional coding
sequences may be on the same or different plasmids from
each other and from the plasmids comprising one or more of
consensus pros

DNA vaccines are disclosed in U.S. Pat. Nos. 5,593,972,
5,739,118, 5,817,637, 5,830,876, 5,962,428, 5,981,505,
5,580,859, 5,703,055, and 5,676,594, which are incorpo-
rated herein fully by reference. The DNA vaccine can further
comprise elements or reagents that inhibit it from integrating
into the chromosome. The vaccine can be an RNA of the
herpes virus antigen. The RNA vaccine can be introduced
into the cell.
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The vaccine can be a recombinant vaccine comprising the
genetic construct or antigen described above. The vaccine
can also comprise one or more consensus herpes virus
antigen in the form of one or more protein subunits, one or
more killed viral particles comprising one or more consen-
sus herpes virus antigens, or one or more attenuated viral
particles comprising one or more consensus herpes virus
antigens. The attenuated vaccine can be attenuated live
vaccines, killed vaccines and vaccines that use recombinant
vectors to deliver foreign genes that encode one or more
consensus herpes virus antigens, and well as subunit and
glycoprotein vaccines. Examples of attenuated live vac-
cines, those using recombinant vectors to deliver foreign
antigens, subunit vaccines and glycoprotein vaccines are
described in U.S. Pat. Nos. 4,510,245; 4,797,368; 4,722,
848; 4,790,987; 4,920,209; 5,017,487, 5,077,044; 5,110,
587; 5,112,749; 5,174,993; 5,223,424; 5,225,336; 5,240,
703; 5,242,829; 5,294,441; 5,294,548; 5,310,668; 5,387,
744; 5,389,368; 5,424,065; 5,451,499; 5,453,364; 5,462,
734; 5,470,734, 5,474,935; 5,482,713; 5,591,439; 5,643,
579; 5,650,309; 5,698,202; 5,955,088; 6,034,298; 6,042,
836; 6,156,319 and 6,589,529, which are each incorporated
herein by reference.

The vaccine can comprise vectors and/or proteins directed
to herpes virus serotypes from particular regions in the
world. The vaccine can also be directed against herpes virus
serotypes from multiple regions in the world.

The vaccine provided may be used to induce immune
responses including therapeutic or prophylactic immune
responses. Antibodies and/or killer T cells may be generated
which are directed to the consensus herpes virus antigen, and
also broadly across multiple subtypes of herpes viruses.
Such antibodies and cells may be isolated.

The vaccine can further comprise a pharmaceutically
acceptable excipient. The pharmaceutically acceptable
excipient can be functional molecules as vehicles, adjuvants,
carriers, or diluents. The pharmaceutically acceptable
excipient can be a transfection facilitating agent, which can
include surface active agents, such as immune-stimulating
complexes (ISCOMS), Freunds incomplete adjuvant, LPS
analog including monophosphoryl lipid A, muramyl pep-
tides, quinone analogs, vesicles such as squalene and
squalene, hyaluronic acid, lipids, liposomes, calcium ions,
viral proteins, polyanions, polycations, or nanoparticles, or
other known transfection facilitating agents.

The transfection facilitating agent is a polyanion, poly-
cation, including poly-L-glutamate (LGS), or lipid. The
transfection facilitating agent is poly-L-glutamate, and more
preferably, the poly-L-glutamate is present in the vaccine at
a concentration less than 6 mg/ml. The transfection facili-
tating agent can also include surface active agents such as
immune-stimulating complexes (ISCOMS), Freunds incom-
plete adjuvant, LPS analog including monophosphoryl lipid
A, muramyl peptides, quinone analogs and vesicles such as
squalene and squalene, and hyaluronic acid can also be used
administered in conjunction with the genetic construct. In
some embodiments, the DNA vector vaccines can also
include a transfection facilitating agent such as lipids, lipo-
somes, including lecithin liposomes or other liposomes
known in the art, as a DNA-liposome mixture (see for
example W09324640), calcium ions, viral proteins, poly-
anions, polycations, or nanoparticles, or other known trans-
fection facilitating agents. Preferably, the transfection facili-
tating agent is a polyanion, polycation, including poly-L-
glutamate (LLGS), or lipid. Concentration of the transfection
agent in the vaccine is less than 4 mg/ml, less than 2 mg/ml,
less than 1 mg/ml, less than 0.750 mg/ml, less than 0.500
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mg/ml, less than 0.250 mg/ml, less than 0.100 mg/ml, less
than 0.050 mg/ml, or less than 0.010 mg/ml.

The pharmaceutically acceptable excipient may be an
adjuvant. The adjuvant may be other genes that are
expressed in alternative plasmid or are delivered as proteins
in combination with the plasmid above in the vaccine. The
adjuvant may be selected from the group consisting of:
a-interferon (IFN-a), B-interferon (IFN-f), y-interferon,
platelet derived growth factor (PDGF), TNFa, TNFf, GM-
CSF, epidermal growth factor (EGF), cutaneous T cell-
attracting chemokine (CTACK), epithelial thymus-ex-
pressed chemokine (TECK), mucosae-associated epithelial
chemokine (MEC), IL-12, IL-15, MHC, CD80, CD86
including IL-15 having the signal sequence deleted and
optionally including the signal peptide from IgE. The adju-
vant may be 1L-12, IL-15, IL-28, CTACK, TECK, platelet
derived growth factor (PDGF), TNFa, TNFp, GM-CSF,
epidermal growth factor (EGF), 1L-1, IL-2, IL.-4, IL-5, IL-6,
1L-10, IL-12, IL-18, or a combination thereof.

Other genes which may be useful adjuvants include those
encoding: MCP-1, MIP-1a, MIP-1p, IL-8, RANTES, L-se-
lectin, P-selectin, E-selectin, CD34, GlyCAM-1, MadCAM-
1, LFA-1, VLA-1, Mac-1, p150.95, PECAM, TCAM-1,
TCAM-2, TCAM-3, CD2, LFA-3, M-CSF, G-CSF, 1L-4,
mutant forms of IL-18, CD40, CD40L, vascular growth
factor, fibroblast growth factor, IL-7, nerve growth factor,
vascular endothelial growth factor, Fas, TNF receptor, Flt,
Apo-1, p55, WSL-1, DR3, TRAMP, Apo-3, AIR, LARD,
NGRF, DR4, DRS, KILLER, TRAIL-R2, TRICK2, DR6,
Caspase ICE, Fos, c-jun, Sp-1, Ap-1, Ap-2, p38, p65Rel,
MyD88, TRAK, TRAF6, TkB, Inactive NTK, SAP K,
SAP-1, INK, interferon response genes, NFkB, Bax,
TRAIL, TRAILrec, TRAILrecDRCS, TRAIL-R3, TRAIL-
R4, RANK, RANK LIGAND, Ox40, Ox40 LIGAND,
NKG2D, MICA, MICB, NKG2A, NKG2B, NKG2C,
NKG2E, NKG2F, TAP1, TAP2 and functional fragments
thereof.

The vaccine can further comprise a genetic vaccine facili-
tator agent as described in U.S. Pat. No. 5,739,118, filed Apr.
1, 1994, which is fully incorporated by reference.

5. Methods of Delivery

Provided herein is a method for delivering the pharma-
ceutical formulations, preferably vaccines, for providing
genetic constructs and proteins of the herpes virus antigen
which comprise epitopes that make them particular effective
immunogens against which an immune response to herpes
virus viral infections can be induced. The method of deliv-
ering the vaccine, or vaccination, can be provided to induce
a therapeutic and/or prophylactic immune response. The
vaccination process can generate in the mammal an immune
response against a plurality of herpes virus subtypes. The
vaccine can be delivered to an individual to modulate the
activity of the mammal’s immune system and enhance the
immune response. The delivery of the vaccine can be the
transfection of the HA antigen as a nucleic acid molecule
that is expressed in the cell and delivered to the surface of
the cell upon which the immune system recognized and
induces a cellular, humoral, or cellular and humoral
response. The delivery of the vaccine can be use to induce
or elicit and immune response in mammals against a plu-
rality of herpes viruses, herpes family specific, by adminis-
tering to the mammals the relevant herpes virus family
vaccine as discussed herein.
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Upon delivery of the vaccine to the mammal, and there-
upon the vector into the cells of the mammal, the transfected
cells will express and secrete the corresponding one or more
herpes virusantigens. These secreted proteins, or synthetic
antigens, will be recognized as foreign by the immune
system, which will mount an immune response that can
include: antibodies made against the antigens, and T-cell
response specifically against the antigen. In some examples,
a mammal vaccinated with the vaccines discussed herein
will have a primed immune system and when challenged
with a relevant herpes viral strain, the primed immune
system will allow for rapid clearing of subsequent herpes
viruses, whether through the humoral, cellular, or both. The
vaccine can be delivered to an individual to modulate the
activity of the individual’s immune system thereby enhanc-
ing the immune response.

The vaccine can be delivered in the form of a DNA
vaccine and methods of delivering a DNA vaccines are
described in U.S. Pat. Nos. 4,945,050 and 5,036,006, which
are both incorporated fully by reference.

The vaccine can be administered to a mammal to elicit an
immune response in a mammal. The mammal can be human,
non-human primate, cow, pig, sheep, goat, antelope, bison,
water buffalo, bovids, deer, hedgehogs, elephants, llama,
alpaca, mice, rats, or chicken, and preferably human, cow,
pig, or chicken.

a. Combination Treatments

The pharmaceutical compositions, preferably vaccines,
can be administered in combination with one or more herpes
virus antigens. The vaccine can be administered in combi-
nation with proteins or genes encoding adjuvants, which can
include: a-interferon (IFN-a), p-interferon (IFN-p), y-inter-
feron, 1L-12, IL-15, IL-28, CTACK, TECK, platelet derived
growth factor (PDGF), TNFa, TNFf, GM-CSF, epidermal
growth factor (EGF), IL-1, IL-2, IL-4, IL-5, IL-6, IL-10,
1L-12, IL-18, MCP-1, MIP-1a, MIP-1p, IL-8, RANTES,
L-selectin, P-selectin, E-selectin, CD34, GlyCAM-1, Mad-
CAM-1, LFA-1, VLA-1, Mac-1, p150.95, PECAM, ICAM-
1, ICAM-2, ICAM-3, CD2, LFA-3, M-CSF, G-CSF, 1L-4,
mutant forms of IL-18, CD40, CD40L, vascular growth
factor, fibroblast growth factor, IL-7, nerve growth factor,
vascular endothelial growth factor, Fas, TNF receptor, Flt,
Apo-1, p55, WSL-1, DR3, TRAMP, Apo-3, AIR, LARD,
NGRF, DR4, DRS, KILLER, TRAIL-R2, TRICK2, DR6,
Caspase ICE, Fos, c-jun, Sp-1, Ap-1, Ap-2, p38, p65Rel,
MyD88, IRAK, TRAF6, IkB, Inactive NIK, SAP K, SAP-1,
IJNK, interferon response genes, NFkB, Bax, TRAIL,
TRAILrec, TRAILrecDRC5, TRAIL-R3, TRAIL-R4,
RANK, RANK LIGAND, Ox40, Ox40 LIGAND, NKG2D,
MICA, MICB, NKG2A, NKG2B, NKG2C, NKG2E,
NKG2F, TAP1, or TAP2, or functional fragments thereof.

b. Routes of Administration

The vaccine can be administered by different routes
including orally, parenterally, sublingually, transdermally,
rectally, transmucosally, topically, via inhalation, via buccal
administration, intrapleurally, intravenous, intraarterial,
intraperitoneal, subcutaneous, intramuscular, intranasal
intrathecal, and intraarticular or combinations thereof. For
veterinary use, the composition can be administered as a
suitably acceptable formulation in accordance with normal
veterinary practice. The veterinarian can readily determine
the dosing regimen and route of administration that is most
appropriate for a particular animal. The vaccine can be
administered by traditional syringes, needleless injection
devices, “microprojectile bombardment gone guns”, or other
physical methods such as electroporation (“EP”), “hydro-
dynamic method”, or ultrasound.
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The vector of the vaccine can be delivered to the mammal
by several well known technologies including DNA injec-
tion (also referred to as DNA vaccination) with and without
in vivo electroporation, liposome mediated, nanoparticle
facilitated, recombinant vectors such as recombinant adeno-
virus, recombinant adenovirus associated virus and recom-
binant vaccinia. The herpes virus antigen can be delivered
via DNA injection and along with in vivo electroporation.

c. Electroporation

Administration of the vaccine via electroporation of the
plasmids of the vaccine may be accomplished using elec-
troporation devices that can be configured to deliver to a
desired tissue of a mammal a pulse of energy effective to
cause reversible pores to form in cell membranes, and
preferable the pulse of energy is a constant current similar to
a preset current input by a user. The electroporation device
may comprise an electroporation component and an elec-
trode assembly or handle assembly. The electroporation
component may include and incorporate one or more of the
various elements of the electroporation devices, including:
controller, current waveform generator, impedance tester,
waveform logger, input element, status reporting element,
communication port, memory component, power source,
and power switch. The electroporation may be accomplished
using an in vivo electroporation device, for example CEL-
LECTRA® EP system (Inovio Pharmaceuticals, Inc., Blue
Bell, Pa.) or Elgen electroporator (Inovio Pharmaceuticals,
Inc., Blue Bell, Pa.) to facilitate transfection of cells by the
plasmid.

The electroporation component may function as one ele-
ment of the electroporation devices, and the other elements
are separate elements (or components) in communication
with the electroporation component. The electroporation
component may function as more than one element of the
electroporation devices, which may be in communication
with still other elements of the electroporation devices
separate from the electroporation component. The elements
of the electroporation devices existing as parts of one
electromechanical or mechanical device may not limited as
the elements can function as one device or as separate
elements in communication with one another. The electropo-
ration component may be capable of delivering the pulse of
energy that produces the constant current in the desired
tissue, and includes a feedback mechanism. The electrode
assembly may include an electrode array having a plurality
of electrodes in a spatial arrangement, wherein the electrode
assembly receives the pulse of energy from the electropo-
ration component and delivers same to the desired tissue
through the electrodes. At least one of the plurality of
electrodes is neutral during delivery of the pulse of energy
and measures impedance in the desired tissue and commu-
nicates the impedance to the electroporation component.
The feedback mechanism may receive the measured imped-
ance and can adjust the pulse of energy delivered by the
electroporation component to maintain the constant current.

A plurality of electrodes may deliver the pulse of energy
in a decentralized pattern. The plurality of electrodes may
deliver the pulse of energy in the decentralized pattern
through the control of the electrodes under a programmed
sequence, and the programmed sequence is input by a user
to the electroporation component. The programmed
sequence may comprise a plurality of pulses delivered in
sequence, wherein each pulse of the plurality of pulses is
delivered by at least two active electrodes with one neutral
electrode that measures impedance, and wherein a subse-
quent pulse of the plurality of pulses is delivered by a
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different one of at least two active electrodes with one
neutral electrode that measures impedance.

The feedback mechanism may be performed by either
hardware or software. The feedback mechanism may be
performed by an analog closed-loop circuit. The feedback
occurs every 50 us, 20 us, 10 us or 1 us, but is preferably a
real-time feedback or instantaneous (i.e., substantially
instantaneous as determined by available techniques for
determining response time). The neutral electrode may mea-
sure the impedance in the desired tissue and communicates
the impedance to the feedback mechanism, and the feedback
mechanism responds to the impedance and adjusts the pulse
of energy to maintain the constant current at a value similar
to the preset current. The feedback mechanism may maintain
the constant current continuously and instantaneously dur-
ing the delivery of the pulse of energy.

Examples of electroporation devices and electroporation
methods that may facilitate delivery of the DNA vaccines of
the present invention, include those described in U.S. Pat.
No. 7,245,963 by Draghia-Akli, et al., U.S. Patent Pub.
2005/0052630 submitted by Smith, et al., the contents of
which are hereby incorporated by reference in their entirety.
Other electroporation devices and electroporation methods
that may be used for facilitating delivery of the DNA
vaccines include those provided in co-pending and co-
owned U.S. patent application Ser. No. 11/874,072, filed
Oct. 17, 2007, which claims the benefit under 35 USC 119(e)
to U.S. Provisional Application Ser. No. 60/852,149, filed
Oct. 17, 2006, and 60/978,982, filed Oct. 10, 2007, all of
which are hereby incorporated in their entirety.

U.S. Pat. No. 7,245,963 by Draghia-Akli, et al. describes
modular electrode systems and their use for facilitating the
introduction of a biomolecule into cells of a selected tissue
in a body or plant. The modular electrode systems may
comprise a plurality of needle electrodes; a hypodermic
needle; an electrical connector that provides a conductive
link from a programmable constant-current pulse controller
to the plurality of needle electrodes; and a power source. An
operator can grasp the plurality of needle electrodes that are
mounted on a support structure and firmly insert them into
the selected tissue in a body or plant. The biomolecules are
then delivered via the hypodermic needle into the selected
tissue. The programmable constant-current pulse controller
is activated and constant-current electrical pulse is applied to
the plurality of needle electrodes. The applied constant-
current electrical pulse facilitates the introduction of the
biomolecule into the cell between the plurality of electrodes.
The entire content of U.S. Pat. No. 7,245,963 is hereby
incorporated by reference.

U.S. Patent Pub. 2005/0052630 submitted by Smith, et al.
describes an electroporation device which may be used to
effectively facilitate the introduction of a biomolecule into
cells of a selected tissue in a body or plant. The electropo-
ration device comprises an electro-kinetic device (“EKD
device”) whose operation is specified by software or firm-
ware. The EKD device produces a series of programmable
constant-current pulse patterns between electrodes in an
array based on user control and input of the pulse param-
eters, and allows the storage and acquisition of current
waveform data. The electroporation device also comprises a
replaceable electrode disk having an array of needle elec-
trodes, a central injection channel for an injection needle,
and a removable guide disk. The entire content of U.S.
Patent Pub. 2005/0052630 is hereby incorporated by refer-
ence.

The electrode arrays and methods described in U.S. Pat.
No. 7,245,963 and U.S. Patent Pub. 2005/0052630 may be
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adapted for deep penetration into not only tissues such as
muscle, but also other tissues or organs. Because of the
configuration of the electrode array, the injection needle (to
deliver the biomolecule of choice) is also inserted com-
pletely into the target organ, and the injection is adminis-
tered perpendicular to the target issue, in the area that is
pre-delineated by the electrodes The electrodes described in
U.S. Pat. No. 7,245,963 and U.S. Patent Pub. 2005/005263
are preferably 20 mm long and 21 gauge.

Additionally, contemplated in some embodiments that
incorporate electroporation devices and uses thereof, there
are electroporation devices that are those described in the
following patents: U.S. Pat. No. 5,273,525 issued Dec. 28,
1993, U.S. Pat. No. 6,110,161 issued Aug. 29, 2000, U.S.
Pat. No. 6,261,281 issued Jul. 17, 2001, and U.S. Pat. No.
6,958,060 issued Oct. 25, 2005, and U.S. Pat. No. 6,939,862
issued Sep. 6, 2005. Furthermore, patents covering subject
matter provided in U.S. Pat. No. 6,697,669 issued Feb. 24,
2004, which concerns delivery of DNA using any of a
variety of devices, and U.S. Pat. No. 7,328,064 issued Feb.
5, 2008, drawn to method of injecting DNA are contem-
plated herein. The above-patents are incorporated by refer-
ence in their entirety.

d. Method of Preparing Vaccine

Provided herein is methods for preparing the DNA plas-
mids that comprise the DNA vaccines discussed herein. The
DNA plasmids, after the final subcloning step into the
mammalian expression plasmid, can be used to inoculate a
cell culture in a large scale fermentation tank, using known
methods in the art.

The DNA plasmids for use with the EP devices of the
present invention can be formulated or manufactured using
a combination of known devices and techniques, but pref-
erably they are manufactured using an optimized plasmid
manufacturing technique that is described in a licensed,
co-pending U.S. provisional application U.S. Ser. No.
60/939,792, which was filed on May 23, 2007. In some
examples, the DNA plasmids used in these studies can be
formulated at concentrations greater than or equal to 10
mg/mL. The manufacturing techniques also include or incor-
porate various devices and protocols that are commonly
known to those of ordinary skill in the art, in addition to
those described in U.S. Ser. No. 60/939,792; including those
described in a licensed patent, U.S. Pat. No. 7,238,522,
which issued on Jul. 3, 2007. The above-referenced appli-
cation and patent, U.S. Ser. No. 60/939,792 and U.S. Pat.
No. 7,238,522, respectively, are hereby incorporated in their
entirety.

EXAMPLES

The present invention is further illustrated in the follow-
ing Examples. It should be understood that these Examples,
while indicating preferred embodiments of the invention, are
given by way of illustration only. From the above discussion
and these Examples, one skilled in the art can ascertain the
essential characteristics of this invention, and without
departing from the spirit and scope thereof, can make
various changes and modifications of the invention to adapt
it to various usages and conditions. Thus, various modifi-
cations of the invention in addition to those shown and
described herein will be apparent to those skilled in the art
from the foregoing description. Such modifications are also
intended to fall within the scope of the appended claims.

Example 1 Generating Herpes Antigens and
Expression Constructs

A DNA vaccine strategy was employed that focused on
glycoproteins, chaperone proteins and matrix proteins of
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herpes virus family. To increase the potential breadth of
immunity elicited by each viral antigen (Ag), phylogenetic
diversity was first examined to assess polymorphism and to
aid in the production of clinically-relevant consensus amino
acid sequences.

Genetic and Statistical Analysis

Phylogenetic and molecular evolutionary analyses were
conducted using MEGA version 5 (Tamura, Peterson,
Stecher, Nei, and Kumar 2011) to estimate diversity among
clinically relevant and publically available herpes target
protein sequences used for generating consensus vaccine
Ags. Neighbor-joining phylogenetic reconstruction analysis
using the bootstrap method with 1,000 bootstrap replications
was used to generate bootstrap consensus trees with radia-
tion view. P-distances are shown for HCMV, for example
(FIG. 17).

All values are reported as the mean+SEM. Analysis
between groups was completed by ANOVA with a post-hoc
Dunnett’s test to correct for multiple comparisons to one
control (HCMYV infected). All statistical analysis was carried
out using GraphPad Prism (GraphPad Software Inc., La
Jolla, Calif.) or the Statistical Package for the Social Sci-
ences (SPSS, Chicago, 111.).

Strategies for generating the consensus amino acid
sequences for each herpes immunogen are outlined, below.
In general, consensus sequences from highly conserved
herpes proteins were used for vaccine immunogens while
consensus sequences from specific, clinically relevant sub-
groups were used for the highly divergent proteins.

Amino acid sequences of herpes vaccine proteins were
generated by taking the consensus of publically available
(GenBank) and clinically relevant strains (passaged no more
than six times in tissue culture) using Vector NTI software
(Invitrogen) for sequence alignment. Some plasmids (VZV
gHgl, VZV gEgl, VZV gMgN, HSV1 gHgl., HSV1 gCgD,
HSV2 gHgl, HSV2 gCgD, CeHV1 gHgl., CeHV1 gCgD,
pCMV-gHgl., pCMV-gMgN, and pCMV-UL) expressed
multiple herpes proteins which were separated by a cleavage
site (furin site SEQ ID NO:63) for the co-expression of
structurally-relevant macromolecules. Genetic optimization
of DNA vaccines included codon and RNA optimization for
protein expression in humans and all genes were synthesized
and subcloned into a modified pVAX1 mammalian expres-
sion vector (GeneArt, Regensburg, Germany or GenScript,
Piscataway, N.J.).

HCMYV Specific Analysis

Phylogenetic analysis of the HCMV gB confirmed the
presence of four main variants (gB1-gB4) and one nonpro-
totypic variant (gB5) (FIG. 17a). Since the gB protein is
relatively conserved among clinical and low-passage strains
(~86% identical), we chose the consensus of these sequences
to represent our DNA vaccine-encoded Ag. The vaccine
sequence was phylogenetically closest to the gB1 genotype
which has been found in some cases to account for the
majority of highly symptomatic individuals in the clinic.

Next, components of the HCMV gCIII fusion complex,
gH, gl. and gO were developed as candidate immunogens
for evaluation as a DNA vaccine. Phylogenetic analysis of
gH confirmed the presence of two main genotypes in addi-
tion to a possible third group including the newly reported
JHC strain that was isolated from a bone marrow transplant
patient [Jung, et. Al., Virus Res. 2011 June; 158(1-2):298]
(FIG. 17b). Analysis confirmed a low level of amino acid
variation among the gHs (~7%) which may explain why
anti-gH MAbs appear broadly reactive. Due to this high
level of conservation, the DNA vaccine consensus immu-
nogen fell right between gH1 and gH2 and was closest to the
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putative third gH group along with the JHC clinical isolate.
Phylogenetic analysis of the gl protein, while similarly
highly conserved (~91%), was less distinctly grouped (FIG.
17¢). Upon removal of amino acid sequences of gl.s from
strains extensively passaged the resultant DNA consensus
immunogen fell closest on the tree to the JHC and Merlin
clinical isolates and farthest away from the AD169 and
Towne lab-adapted strains. The third component of the
classically defined gCIII complex is the gO, which is highly
glycosylated, and is highly variable at the 5' end. Since gO
polymorphism was high (~55%), we chose the consensus
sequence of the gO5 genotype group for our target immu-
nogen since this group has been previously described to be
genetically linked with the gN-4¢ genotype, the largest gN-4
variant group and most seroprevalent (FIG. 17f). Identity
within the gOS5 subgroup was ~99% and thus, the consensus
Ag was phylogenetically grouped with this subgroup that
also included the Merlin and JP clinical isolates.

Novel candidate vaccine immunogens HCMV gM and gN
heterodimerize in the ER by both covalent disulfide bonding
and noncovalent interaction to form the viral infectivity
complex. While the gM is highly conserved among the
CMV (~95%), the gN is variable (~45). Due to this rela-
tively high identity among the gM, consensus of all clini-
cally relevant sequences determined our candidate vaccine
immunogen (FIG. 17d). Conversely, due to the highly modi-
fied nature of gN, characterized by almost exclusive
O-linked sugars, consensus of the gN-4 subtype was used as
vaccine immunogen since this subgroup was reported to be
the most prevalent of all clinical isolates in North America,
Europe, China, and Australia (FIG. 17¢). Thus, this sequence
was phylogenetically closest to the gN4b subtype, which
occurs directly between the gN4a and gN4c groups, all of
which constitute the gN4 group.

Recently, it has been shown that UL128, UL130, and
UL131A can form a pentameric complex with gH and gL,
instead of the classically defined association of gH/gl./gO
for the gCIII fusion complex. Furthermore, that this complex
has been described to elicit potent mAbs. Due to the
relatively high level of amino acid conservation upon
removal of high-passaged and lab-adapted strains (~87% for
UL128, ~86% for UL130, and ~73% for UL 131A), consen-
sus sequences were used for each gene for candidate vaccine
immunogens (FIG. 17g-i). The UL128 vaccine sequence
was phylogenetically grouped in a group including the
Merlin and Davis isolates, as well as the Ad169 strain.
However, Both of the UL 130 and UL131A sequences were
phylogenetically distant from the Towne and AD169 lab
strains, respectively, which have lost their ability to infect
endothelial cells, epithelial cells, and leukocytes due to
deletions or mutations of these genes. And lastly, the UL83
protein (pp65) was chosen due to its current use in recent
vaccine strategies as a T cell target. This protein was initially
attractive based upon its apparent dominance in the cellular
immune response to HCMV since it was recognized by the
majority of virus-specific CD8 T cells. This protein is highly
conserved among the CMV and was ~97% identical when
no accounting for the 3' truncation associated with many
published sequences (FIG. 17j). Thus, consensus of the
ULS83 proteins was used for the target vaccine Ag and was
phylogenetically similar to the JP, VR1814, Merlin and
Ad169 strains, but further from the Towne, Toledo, and JHC
strains.

Full-length candidate CMV immunogens were next used
to construct plasmid DNA vaccines. Each Ag was geneti-
cally optimized for expression in humans, commercially
synthesized, and then subcloned into a modified pVAX1
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mammalian expression vector. In addition, proteins requir-
ing heterologous interaction for the construction of func-
tional virion surface complexes were encoded in combina-
tion within the same DNA vaccine plasmid. Multiple
protein-expressing plasmids gHgl., gMgN, and pUL
encoded ubiquitous endo-proteolytic furin cleavage sites
between immunogens to facilitate post-translational cleav-
age and modification. In this way, co-expression of struc-
turally and functionally relevant proteins hypothetically
facilitates the formation of macromolecular complexes that
may better express clinically- and virologically-relevant B
cell epitopic determinants. This may be particularly critical
in cases where coexpression is required for productive
expression; gH requires coexpression of gl. for intracellular
transport and terminal carbohydrate modifications [Spaete,
1993 #1195] and similarly, gl. remains localized in the ER
when expressed in the absence of gH.

One plasmid included coding sequences for HCMV-gB, a
907-9 amino acid protein which forms a homodimer and is
atype I membrane protein. Another plasmid included coding
sequences for HCMV-gM, a 373 amino acid protein linked
to coding sequences for HCMV-gN, a 139 amino acid
protein. The HCMV-gM and gN proteins form a heterodimer
and are involved in infectivity. Another plasmid included
coding sequences for HCMV-gH, a 740 amino acid protein
linked to coding sequences for gl., a 278 amino acid protein.
The HCMV-gH protein and the HCMV-gL. protein form a
hterotrimer with the HCMV-gO-gCIII complex involved in
viral fusion. The HCMV-gH and gl. proteins can also form
a disulfide-linked heterodimer in the ER. Another plasmid
included coding sequences for HCMV-gO, a 472 amino acid
protein that forms the aforementioned heterotrimer with the
HCMV-gH and gl.. Another plasmid encodes coding
sequences for HCMV-pUL (UL128), a 140 amino acid
protein, linked to coding sequences for HCMV-UL130, a
215 amino acid protein linked to coding sequences for
HCMV-ULI131A, a 77 amino acid protein. These three
proteins serve as chaperones for HCMV-gO. Another plas-
mid encodes HCMV-gULS83 (pp65); which is a T cell target
protein.

In one embodiment, ten coding sequences (SEQ TD
NO:1, SEQ TD NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ
ID NO:9, SEQ ID NO:11, SEQ ID NO:13, SEQ ID NO:15,
SEQ ID NO:17 and SEQ ID NO:19) for HCMV consensus
amino acid sequences (SEQ ID NO:2, SEQ ID NO:4, SEQ
ID NO:6, SEQ ID NO:8, SEQ ID NO:10, SEQ ID NO:12,
SEQ ID NO:14, SEQ ID NO:16, SEQ ID NO:18 and SEQ
1D NO:20) were included on six separate expression vector
plasmids. Single gene constructs were provided for gB
(plasmid 1), (plasmid 4) gO and gUL83 (modified plasmid
6). Chimeric genes encoding fusion proteins were provided
for constructs encoding gM and gN (plasmid 2), gH and gl.
(plasmid 3), and UL128, UL130 and UL131a (plasmid 5)
which are expressed as a single polyprotein. In each instance
of a fusion protein, the coding sequences for the different
antigens in the polyprotein were linked sequences encoding
the furin proteolytic cleavage site (SEQ ID NO:63). The
coding sequences for the fusion proteins also included
coding sequence for the IgE signal peptide (SEQ ID NO:61)
at the N terminal of the polyprotein as well as coding
sequences for an HA Tag (SEQ TD NO:62) which is linked
at the C terminal of each HCMYV antigen in the polyprotein.
Following processing at the proteolytic cleavage site(s) of
the polyprotein into separate proteins, each protein com-
prises an HA Tag. The coding sequences for the single
antigen constructs each were provided with coding
sequences for the IgE signal peptide (SEQ ID NO:61) to be
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included at the N terminal of each translation product.
Coding sequences for gB and gO were each also provided
with coding sequences for an HA Tag (SEQ ID NO:62) so
that the C terminal of each HCMV antigen protein comprises
an HA Tag. Coding sequences for gUL83 in modified
plasmid 6 do not contain coding sequences for HA Tags.
However, another version of modified plasmid 6 can be
constructed to contain coding sequences for an HA Tag
(SEQ ID NO:62) so that the C terminal of the HCMV
antigen protein comprises an HA Tag.

Each of plasmids 1-6 and modified plasmids 1-6 may be
made using the variant pVaxl (FIG. 1, SEQ ID NO:76)
disclosed herein.

Plasmid 1 (FIG. 2) is the variant pVax1l with an insert
having regulatory elements operably linked to SEQ IN
NO:41, i.e. nucleic acid sequence that encodes IgE leader
linked to consensus gB linked to the HA Tag, thus encoding
the protein SEQ ID NO:42.

Plasmid 2 (FIG. 3) is a variant pVax1l with an insert
having regulatory elements operably linked to nucleic acid
sequence SEQ ID NO:64 that encodes IgE leader linked to
consensus gM linked to the HA tag linked to a furin
proteolytic cleavage site linked to nucleic acid sequence that
consensus gN4-c linked to an HA Tag, thus encoding the
fusion protein SEQ ID NO:65.

Plasmid 3 (FIG. 4) is a variant pVax1l with an insert
having regulatory elements operably linked to nucleic acid
sequence SEQ ID NO:66 that encodes IgE leader linked to
consensus gH linked to the HA tag linked to a furin
proteolytic cleavage site linked to nucleic acid sequence that
consensus gl linked to an HA Tag, thus encoding the fusion
protein SEQ 1D NO:67.

Plasmid 4 (FIG. 5) is a variant pVax1l with an insert
having regulatory elements operably linked to nucleic acid
sequence SEQ ID NO:51 that encodes IgE leader linked to
consensus gO-5 linked to and HA tag, thus encoding the
protein SEQ 1D NO:52.

Plasmid 5 (FIG. 6) is a variant pVaxl with an insert
having regulatory elements operably linked to nucleic acid
sequence SEQ ID NO:68 that encodes IgE leader linked to
consensus UL131a linked to an HA Tag linked to a furin
proteolytic cleavage site linked to consensus UL 130 linked
to an HA Tag linked to a furin proteolytic cleavage site
linked to consensus UL128 linked to an HA Tag, thus
encoding the fusion protein SEQ ID NO:69.

Modified plasmid 6 (FIG. 9) is a variant pVax1 with an
insert having regulatory elements operably linked to SEQ ID
NO:39; i.e, nucleic acid sequence that encodes IgE leader
linked to consensus UL-83 (pp65), thus encoding the protein
SEQ ID NO:40.

Plasmid 6 (FIG. 7) may be used in place of modified
plasmid 6 if HA Tags linked to the U83 translation product
is desirable. Plasmid 6 may be a variant pVax1 with an insert
having regulatory elements operably linked to SEQ ID
NO:59; i.e, nucleic acid sequence that encodes IgE leader
linked to consensus UL-83 (pp65), thus encoding the protein
SEQ ID NO:60.

In some embodiments, plasmids 1-5 may be modified so
that the coding sequences for HA Tags are absent.

Modified plasmid 1 (FIG. 7) may be a variant pVaxl
described herein with an insert having regulatory elements
operably linked to SEQ IN NO:21, i.e. nucleic acid sequence
that encodes IgE leader linked to consensus gB, thus encod-
ing the protein SEQ ID NO:22.

Modified plasmid 2 may be a variant pVax1 described
herein with an insert having regulatory elements operably
linked to nucleic acid sequence SEQ ID NO:70 that encodes
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IgE leader linked to consensus gM linked to a furin pro-
teolytic cleavage site linked to nucleic acid sequence that
consensus gN4-c, thus encoding the fusion protein SEQ ID
NO:71.

Modified plasmid 3 (FIG. 8) may be a variant pVaxl
described herein with an insert having regulatory elements
operably linked to nucleic acid sequence SEQ ID NO:72 that
encodes IgE leader linked to consensus gH linked to a furin
proteolytic cleavage site linked to nucleic acid sequence that
consensus gl., thus encoding the fusion protein SEQ ID
NO:73.

Modified plasmid 4 may be a variant pVaxl described
herein with an insert having regulatory elements operably
linked to nucleic acid sequence SEQ ID NO:31 that encodes
IgE leader linked to consensus gO-5 linked to, thus encoding
the protein SEQ ID NO:32.

Modified plasmid 5 may be a variant pVaxl described
herein with an insert having regulatory elements operably
linked to nucleic acid sequence SEQ ID NO:74 that encodes
IgE leader linked to consensus UL131a linked to a furin
proteolytic cleavage site linked to consensus UL 130 linked
to a furin proteolytic cleavage site linked to consensus
UL128, thus encoding the fusion protein SEQ TD NO:75.

In some embodiments, a composition comprising these
six plasmids is an example of an anti-HCMYV vaccine. In
some embodiments of an anti-HCMYV vaccine, two or more
compositions which collectively comprise these six plas-
mids. Some embodiments provide methods of generating
immune responses against HCMV proteins comprise admin-
istering to an individual one or more compositions which
collectively comprise each of these six plasmids. Some
embodiments provide methods of prophylactically vaccinat-
ing an individual against HCMYV infection comprise admin-
istering one or more compositions which collectively com-
prise each of these six plasmids. Some embodiments provide
methods of therapeutically vaccinating an individual has
been infected with HCMV comprise administering one or
more compositions which collectively comprise each of
these six plasmids.

Analysis of other Herpes Viruses:

Similar to HCMV, above, similar strategy was used to
identify antigens for HSV1, HSV2, CeHV1, and VZV.

For the herpes viruses from families VZV, CeHV1,
HSV1, and HSV2, the following antigens were considered,
based on similar criteria used for CMV, above, and consen-
sus antigens were made and cloned into similar vectors as
CMV: surface antigens envelope gB, gH, gl., gM, gN, gO,
gE, gl, and gK were considered.

Plasmids were constructed for optimizing nascent coex-
pression of relevant proteins. In total, 21 plasmids were
constructed that express HCMV gB, gM/gN, gH/gl., gO,
UL128-131, and U183; VZV gHgl., gEgl, gMgN, gB, ¢C,
and gK; HSV1 gB, gHgl., gCgD; HSV2 gB, gHgl., gCgD;
and CeHV1 gB, gHgl., and gCgD, in highly-optimized
DNA vaccines plasmids were constructed for optimizing
nascent coexpression of relevant proteins. In total, 21 plas-
mids were constructed that express HCMV gB, gM/gN,
gH/gl,, gO, UL128-131, and U183; VZV gHgl., gEgl,
gMgN, ¢gB, gC, and gK; HSV1 gB, gHgl., gCgD; HSV2 gB,
gHgl, gCgD; and CeHV1 gB, gHgl,, and gCgD in highly-
optimized DNA vaccines.

Plasmids 7-21 correspond to each one of the following
VZV gHgl, gEgl, ¢MgN, gB, gC, and gK; HSV1 gB, gHgl .,
gCgD; HSV2 gB, gHgl., gCgD; and CeHV1 gB, gHgl, and
gCgD econding sequences cloned into variant pVax1 (FIG.
1, SEQ TD NO:76) vector disclosed herein. In some
embodiments, the pVax1 has an insert having regulatory
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elements operably linked to the encoding nucleic acid
sequence for the herpes antigen which includes an encoding
sequence for IgE leader (enocoding amino acid sequence
SEQ ID NO:61) linked to the antigen. In some embodi-
ments, plasmids 7-21 may be modified so that the coding
sequences for HA Tags (encoding amino acid sequence SEQ
ID NO:62) are linked to the N-terminal end of the antigen.

Example 2

In some embodiments, a composition comprising coding
sequences for each of: HCMV: gB, gM, gN, gH, gl gO,
UL128, UL130, UL131a, U83, or multiple compositions
which collectively comprise coding sequences for each of:
gB, gM, gN, gH, gl, gO, UL128, UL130, UL131a, U83 are
administered. The composition which comprises coding
sequences of each of gB, gM, gN, gH, gl., gO, UL128,
UL130, UL131a, U83, or combinations of compositions that
collectively comprise coding sequences of each of gB, gM,
gN, gH, g, gO, U128, UL.130, UL131a. In some embodi-
ments, vaccines comprise one or more of the coding
sequences encoding each of gB, gM, gN, gH. gl., gO,
UL128, UL130, UL131a that have sequences selected from
the group consisting of SEQ ID NO:2, 4, 6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48,
50, 52, 54, 56, 58 and 60. In some embodiments, one or more
of the coding sequences is selected from the group consist-
ing of SEQ ID NO:1, 3, 5,7, 9, 11, 13, 15, 17, 19, 21, 23,
25,27, 29,31, 33, 35,37, 39, 41, 43, 45, 47, 49, 51, 53, 55,
57 and 59. In some embodiments, one or more of the coding
sequences in a vaccine is selected from the group consisting
of SEQ ID NO:1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25,
27,29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57
and 59. In some embodiments, a vaccine comprises each of
the coding sequences SEQ ID NO:1, 3, 5, 7, 9, 11, 13, 15,
17 and 19. In some embodiments, a vaccine comprises each
of the coding sequences in SEQ ID NO:21, 23, 25, 27, 29,
31, 33, 35, 37 and 39. In some embodiments, a vaccine
comprises each of the coding sequences in SEQ ID NO:41,
43, 45, 47, 49, 51, 53, 55, 57 and 59.

Example 3

In some embodiments, a composition comprising coding
sequences for nine of: gB, gM, gN, gH, gl., gO, UL128,
UL130, UL131a, U83, or multiple compositions which
collectively comprise coding sequences for nine of: gB, gM,
gN, gH, gl., gO, UL128, UL130, UL131a, U83 are admin-
istered. The composition may comprises coding sequences
of nine of gB, gM, gN, gH, gl., gO, UL128, UL130,
UL131a, U83, or combinations of compositions that collec-
tively comprise coding sequences of nine of gB, gM, gN,
gH, gl., gO, UL128, UL130, UL131a, U83. The following
combinations 9-1 to 9-10 may be present in such vaccines:
9-1 gB, gM, gN, gH, gL, gO, UL128, UL130, UL131a; 9-2
gB, gM, gN, gH, gl, gO, UL128, UL130, UL83; 9-3 gB,
gM, gN, gH, gl, gO, UL128, UL131a, UL83; 9-4 gB, gM,
gN, gH, gL, gO, UL130, UL131a, UL83; 9-5 gB, gM, gN,
gH, gL, UL128, UL130, UL131a, UL83; 9-6 gB, gM, gN,
gH, gO, UL128, UL130, UL131a, UL83; 9-7 gB, gM, gN,
gL, gO, UL128, UL130, UL131a, UL83; 9-8 gB, gM, gH,
gL, gO, UL128, UL130, UL131a, UL83; 9-9 gB, gN, gH,
gL, g0, UL128, UL130, UL131a, UL83; and 9-10 gM, gN,
gH, gL, gO, UL128, UL130, UL131a, UL83. In some
embodiments, these vaccines comprise one or more of the
coding sequences encoding each of' gB, gM, gN, gH, gl., gO,
UL128, UL130, UL131a that have sequences selected from
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the group consisting of SEQ ID NO:2, 4, 6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48,
50,52, 54, 56, 58 and 60. In some embodiments, one or more
of the coding sequences is selected from the group consist-
ing of SEQ ID NO:1, 3, 5,7, 9, 11, 13, 15, 17, 19, 21, 23,
25,27, 29,31, 33,35,37,39, 41, 43, 45, 47, 49, 51, 53, 55,
57 and 59. In some embodiments, one or more of the coding
sequences in a vaccine is selected from the group consisting
of SEQ ID NO:1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25,
27,29, 31, 33,35, 37,39, 41, 43, 45, 47, 49, 51, 53, 55, 57
and 59.

Example 4

In some embodiments, a composition comprising coding
sequences for eight of: gB, gM, gN, gH, gl., gO, UL128,
UL130, UL131a, U83, or multiple compositions which
collectively comprise coding sequences for eight of: gB,
gM, gN, gH, g, gO, UL128, UL130, UL131a, U83 are
administered. The composition may comprises coding
sequences of eight of gB, gM, gN, gH, gl., gO, UL128,
UL130, UL131a, U83, or combinations of compositions that
collectively comprise coding sequences of eight of gB, gM,
gN, gH, gL, gO, UL128, UL130, UL131a, U83. The fol-
lowing combinations 8-1 to 8-45 may be present in an eight
antigen vaccine: 8-1: gB, gM, gN, gH, gL, gO, UL128,
UL130; 8-2: gB, gM, gN, gH, g, gO, UL128, UL131a; 8-3:
gB, gM, gN, gH, gl., gO, UL128, UL3; 8-4: gB, gM, gN,
gH, gl, gO, UL130, UL131a; 8-5: gB, gM, gN, gH, gL, gO,
UL130, ULS83; 8-6: gB, gM, gN, gH, gl., gO, UL131a,
ULS83; 8-7: gB, gM, gN, gH, ¢l., UL128, UL130, UL131a;
8-8: gB, gM, gN, gH, gl, UL128, UL130, UL83; 8-9: gB,
gM, gN, gH, g, UL128, UL131a, ULS83; 8-10: gB, gM, gN,
gH, gl,, UL130, UL131a, UL83; 8-11: gB, gM, gN, gH, gO,
UL128, UL130, UL131a; 8-12: gB, gM, gN, gH, gO,
UL128, UL130, UL83; 8-13: gB, gM, gN, gH, gO, UL128,
UL131a, UL83; 8-14: gB, gM, gN, gH, gO, UL130,
UL131a, UL83; 8-15: gB, gM, gN, gH, UL128, UL130,
UL131a, UL83; 8-16: gB, gM, gN, g, gO, UL128, UL130,
UL131a; 8-17: gB, gM, gN, gL, gO, UL128, UL130, UL83;
8-18: gB, gM, gN, gL, gO, UL128, UL131a, UL83; 8-19:
gB, gM, gN, gL, gO, UL130, UL131a, UL83; 8-20: gB, gM,
gN, gl, UL128, UL130, UL131a, UL83; 8-21: gB, gM, gN,
g0, UL128, UL130, UL131a, ULS83; 8-22: gB, gM, gH, gL,
g0, UL128, UL130, UL131a; 8-23: gB, gM, gH, gL, gO,
UL128, UL130, UL83; 8-24: gB, gM, gH, gL, gO, UL128,
UL131a, ULS83; 8-25: gB, gM, gH, gL, gO, UL130,
UL131a, UL83; 8-26: gB, gM, gH, gL, UL128, UL130,
UL131a, UL83; 8-27: gB, gM, gH, gO, UL128, UL130,
UL131a, UL83; 8-28: gB, gM, gL, gO, UL128, UL130,
UL131a, UL83; 8-29: gB, gN, gH, gL, gO, UL128, UL130,
UL131a; 8-30: gB, gN, gH, gL, gO, UL128, UL130, UL83;
8-31: gB, gN, gH, gl., gO, UL128, UL131a, UL83; 8-32:
gB, gN, gH, gl., gO, UL130, UL131a, ULS83; 8-33: gB, gN,
gH, gL, UL128, UL130, UL131a, UL83; 8-34: gB, gN, gH,
g0, UL128, UL130, UL131a, UL83; 8-35: gB, gN, gL, gO,
UL128, UL130, UL131a, UL83; 8-36: gB, gH, gL, gO,
UL128, UL130, UL131a, UL83; 8-37: gM, gN, gH, gL, gO,
UL128, UL130, UL131a; 7-x: 8-38: gM, gN, gH, gL, gO,
UL128, UL130, UL83; 8-39: gM, gN, gH, gL, gO, UL128,
UL131a, ULS83; 8-40: gM, gN, gH, g, gO, UL130,
UL131a, UL83; 8-41: gM, gN, gH, gL, gl., UL128, UL130,
UL131a, UL83; 8-42: gM, gN, gH, gL, gO, UL128, UL130,
UL131a, UL83; 8-43: gM, gN, gL, gO, UL128, UL130,
UL131a, UL83; 8-44: gM, gH, gL, gO, UL128, UL130,
UL131a, UL83; and 8-45: gN, gH, gL, gO, UL128, UL130,
UL131a, ULS83. In some embodiments, these vaccines com-
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prise one or more of the coding sequences encoding each of
gB, gM, gN, gH, gl., gO, UL128, UL 130, UL131a that have
sequences selected from the group consisting of SEQ ID
NO:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32,
34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58 and 60. In
some embodiments, one or more of the coding sequences is
selected from the group consisting of SEQ ID NO:1, 3, 5, 7,
9,11, 13, 15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, 55, 57 and 59. In some embodi-
ments, one or more of the coding sequences in a vaccine is
selected from the group consisting of SEQ ID NO:1, 3, 5, 7,
9,11, 13, 15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, 55, 57 and 59.

Example 5

In some embodiments, a composition comprising coding
sequences for seven of: gB, gM, gN, gH, gl., gO, UL128,
UL130, UL131a, U83, or multiple compositions which
collectively comprise coding sequences for seven of: gB,
gM, gN, gH, gL, gO, UL128, UL130, UL131a, U83 are
administered. The composition may comprises coding
sequences of seven of gB, gM, gN, gH, gl., gO, UL128,
UL130, UL131a, U83, or combinations of compositions that
collectively comprise coding sequences of seven of gB, gM,
gN, gH, gL, gO, UL128, UL130, UL131a, U83. The fol-
lowing combinations 7-1 to 7-120 may be present in an
seven antigen vaccine: 7-1: gB, gM, gN, gH, gl.. gO,
UL128; 7-2: gB, gM, gN, gH, gl, gO, UL130; 7-3: gB, gM,
gN, gH, gl, gO, UL131a; 7-4: gB, gM, gN, gH, gl., gO,
ULS83; 7-5: gB, gM, gN, gH, gL, UL128, UL130; 7-6: gB,
gM, gN, gH, g, UL128, UL131a; 7-7: gB, gM, gN, gH, gL,
UL128, UL83; 7-8: gB, gM, gN, gH, gl, UL130, UL131a;
7-9: gB, gM, gN, gH, gl ., UL130, UL83; 7-10: gB, gM, gN,
gH, gl,, UL131a, UL83; 7-11: gB, gM, gN, gH, gO, UL128,
UL130; 7-12: gB, gM, gN, gH, gO, UL128, UL131a; 7-13:
gB, gM, gN, gH, gO, UL128, UL83; 7-14: gB, gM, gN, gH,
g0, UL130, UL131a; 7-15: gB, gM, gN, gH, gO, UL130,
ULS83; 7-16: gB, gM, gN, gH, gO, UL131a, UL83; 7-17: gB,
gM, gN, gH, UL128, UL130, UL131a; 7-18: gB, gM, gN,
gH, UL128, UL130, UL83; 7-19: gB, gM, gN, gH, UL128,
UL130, UL131a; 7-20: gB, gM, gN, gH, UL128, UL130,
ULS83; 7-21: gB, gM, gN, gH, UL128, UL131a, UL83; 7-22:
gB, gM, gN, gH, UL130, UL131a, UL83; 7-23: gB, gM, gN,
gl, g0, UL128, UL130; 7-24: gB, gM, gN, gL, gO, UL128,
UL131a; 7-25: gB, gM, gN, gL, gO, UL128, UL83; 7-26:
gB, gM, gN, g, gO, UL130, UL131a; 7-27: gB, gM, gN,
gL, gO, UL130, UL83; 7-28: gB, gM, gN, gl, gO, UL131a,
ULS83; 7-29: gB, gM, gN, g, UL128, UL130, UL131a;
7-30: gB, gM, gN, g, UL128, UL130, UL83; 7-31: gB, gM,
gN, g, UL128, UL130, UL131a; 7-32: gB, gM, gN, gL,
UL128, UL130, UL83; 7-33: gB, gM, gN, gl, UL128,
UL131a, UL83; 7-34: gB, gM, gN, gL, UL130, UL131a,
ULS83; 7-35: gB, gM, gN, gO, UL128, UL130, UL131a;
7-36: gB, gM, gN, gO, UL128, UL130, ULS83; 7-37: gB,
gM, gN, gO, UL128, UL131a, UL83; 7-38: gB, gM, gN, gO,
UL130, UL131a, UL83; 7-39: gB, gM, gN, UL128, UL130,
UL131a, UL83; 7-40: gB, gM, gH, g, gO, UL128, UL130;
7-41: gB, gM, gH, gl, gO, UL128, UL131a; 7-42: gB, gM,
gH, gl., gO, UL128, UL83; 7-43: gB, gM, gH, gL, gO,
UL130, UL131a; 7-44: gB, gM, gH, g, gO, UL130, UL83;
7-45: gB, gM, gH, gl., gO, UL131a, ULS83; 7-46: gB, gM,
gH, gO, UL128, UL130, UL131a; 7-47: gB, gM, gH, gO,
UL128, UL130, UL83; 7-48: gB, gM, gH, gO, UL128,
UL131a, ULS83; 7-49: gB, gM, gH, gO, UL130, UL131a,
ULS83; 7-50: gB, gM, gH, UL128, UL130, UL131a, UL83;
7-51: gB, gM, gL, gO, UL128, UL130, UL131a; 7-52: gB,
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gM, gl., gO, UL128, UL130, UL83; 7-53: gB, gM, gL, gO,
UL128, UL131a, UL83; 7-54: gB, gM, gL, gO, UL130,
UL131a, UL83; 7-55: gB, gM, gL, UL.128, UL.130, UL.131a,
ULS83; 7-56: gB, gM, gO, UL128, UL130, UL131a, UL83;
7-57: gB, gN, gH, gL, gO, UL128, UL130; 7-58: gB, gN,
gH, gL, gO, UL128, UL131a; 7-59: gB, gN, gH, g, gO,
UL128, UL83; 7-60: gB, gN, gH, gl., g0, UL130, UL131a;
7-61: gB, gN, gH, gL, gO, UL130, UL83; 7-62: gB, gN, gH,
gl, g0, UL131a, UL83; 7-63: gB, gN, gH, gl., UL128,
UL130, UL131a; 7-64: gB, gN, gH, gl., UL128, UL130,
ULS83; 7-65: gB, gN, gH, gl., UL128, UL131a, UL83; 7-66:
gB, gN, gH, g, UL130, UL131a, UL83; 7-67: gB, gN, gH,
gO, UL128, UL130, UL131a; 7-68: gB, gN, gH, gO,
UL128, UL130, UL83; 7-69: gB, gN, gH, gO, UL12S,
UL131a, UL83; 7-70: gB, gN, gH, gO, UL130, UL131a,
ULS83; 7-71: gB, gN, gH, UL128, UL130, UL131a, UL83;
7-72: gB, gN, gl., gO, UL128, UL130, UL131a; 7-73: gB,
gN, g, gO, UL128, UL130, UL83; 7-74: gB, gN, gl, gO,
UL128, UL131a, ULB3; 7-75: gB, gN, gl., gO, UL130,
UL131a, UL83; 7-76: gB, gN, gL, ULL128, UL130, UL131a,
ULS83; 7-77: gB, gN, gO, UL128, UL130, UL131a, UL83;
7-78: gB, gH, gl., gO, UL128, UL130, UL131a; 7-79: gB,
gH, g, gO, UL128, UL130, UL83; 7-80: gB, gH, gl., gO,
UL128, UL131a, UL83; 7-81: gB, gH, gl., gO, UL130,
UL131a, UL83; 7-82 gB, gH, gl., UL128, UL130, UL131a,
ULS83; 7-83: gB, gH, gO, UL128, UL130, UL131a, UL83;
7-84: gB, gl., gO, UL128, UL130, UL131a, ULS83; 7-85:
gM, gN, gH, gl., gO, UL128, UL130; 7-86: gM, gN, gH, gl,
g0, UL128, UL131a; 7-87: gM, gN, gH, gl., gO, UL128,
ULS83; 7-88: gM, gN, gH, gL, gO, UL130, UL131a; 7-89:
gM, gN, gH, gl, gO, UL130, ULS83; 7-90: gM, gN, gH, gl,
g0, UL131a, UL83; 7-91: gM, gN, gH, gl., gl., UL128,
UL130, UL131a; 7-92: gM, gN, gH, gl., gl., UL12S,
UL130, UL83; 7-93: gM, gN, gH, gl, gl., UL128, UL131a,
ULS83; 7-94: gM, gN, gH, gl., g, UL130, UL131a, UL83;
7-95: gM, gN, gH, gl., gO, UL128, UL130, UL131a; 7-96:
gM, gN, gH. gl., gO, UL128, UL130, UL83; 7-97: gM, gN,
gH, gl, gO, UL128, UL131a, UL83; 7-98: gM, gN, gH, gl,
g0, UL130, UL131a, UL83; 7-99: gM, gN, gH, gl., UL128,
UL130, UL131a, UL83; 7-100: gM, gN, gl., gO, UL128,
UL130, UL131a; 7-101: gM, gN, gl., gO, UL128, UL130,
UL83; 7-102: gM, gN, gl., gO, UL128, UL131a, UL83;
7-103: gM, gN, gl., gO, UL130, UL131a, UL83; 7-104: gM,
gN, gl, UL128, UL130, UL131a, UL83; 7-105: gM, gN,
g0, UL128, UL130, UL131a, UL83; 7-106: gM, gH, gl.,
gO, UL128, UL130, UL131a; 7-107: gM, gH, gL, gO,
UL128, UL130, UL83; 7-108: gM, gH, gL, gO, UL128,
UL131a, ULS83; 7-109: gM, gH, gl., gO, UL130, UL131a,
ULS83; 7-110: gM, gH, g, UL128, UL130, UL131a, UL83;
7-111: gM, gH, gO, UL128, U130, UL.131a, UL83; 7-112:
gM, g, gO, UL128, UL130, UL131a, UL83; 7-113: gN,
gH, gL, gO, UL128, UL130, UL131a; 7-114: gN, gH, gL,
g0, UL128, UL130, UL83; 7-115: gN, gH, gl., gO, UL128,
UL131a, UL83; 7-116: gN, gH, gL, gO, UL130, UL131a,
UL83; 7-117: gN, gH, gl., U128, UL130, UL131a, UL83;
7-118: gN, gH, gO, UL128, UL.130, UL.131a, UL83; 7-119:
gN, gL, g0, UL128, UL130, UL131a, UL83; 7-120: gH, gl,
g0, UL128, UL130, UL131a, UL83. In some embodiments,
these vaccines comprise one or more of the coding
sequences encoding each of gB, gM, gN, gH. gl., gO,
UL128, UL130, UL131a that have sequences selected from
the group consisting of SEQ ID NO:2, 4, 6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48,
50,52, 54, 56, 58 and 60. In some embodiments, one or more
of the coding sequences is selected from the group consist-
ing of SEQ ID NO:1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23,
25,27,29,31, 33, 35,37,39, 41, 43,45, 47, 49, 51, 53, 55,
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57 and 59. In some embodiments, one or more of the coding
sequences in a vaccine is selected from the group consisting
of SEQ ID NO:1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25,
27,29, 31, 33,35, 37,39, 41, 43, 45, 47, 49, 51, 53, 55, 57
and 59.

Example 6

In some embodiments, a composition comprising coding
sequences for six of: gB, gM, gN, gH, gl, gO, UL128,
UL130, UL131a, U83, or multiple compositions which
collectively comprise coding sequences for six of: gB, gM,
gN, gH, gl., gO, UL128, UL130, UL131a, U83 are admin-
istered. The composition may comprises coding sequences
of'six of gB, gM, gN, gH, gl., gO, UL128, UL130, UL131a,
US83, or combinations of compositions that collectively
comprise coding sequences of six of gB, gM, gN, gH, gl.,
g0, UL128, UL130, UL131a, U83. The following combi-
nations 6-1 to 6-210 may be present in an seven antigen
vaccine: 6-1: gB, gM, gN, gH, g, gO; 6-2: gB, gM, gN, gH,
gl., UL128; 6-3: gB, gM, gN, gH, g, UL130; 6-4: gB, gM,
gN, gH, gl., UL131a; 6-5: gB, gM, gN, gH, gl., UL83; 6-6:
gB, gM, gN, gH, gO, UL128; 6-7: gB, gM, gN, gH, gO,
UL130; 6-8: gB, gM, gN, gH, gO, UL131a; 6-9: gB, gM,
gN, gH, gO, ULS83; 6-10: gB, gM, gN, gH, UL128, UL130;
6-11: gB, gM, gN, gH, UL128, UL131a; 6-12: gB, gM, gN,
gH, UL128, ULS83; 6-13: gB, gM, gN, gH, UL.130, UL131a;
6-14: gB, gM, gN, gH, UL130, UL83; 6-15: gB, gM, gN,
gH, UL131a, ULS83; 6-16: gB, gM, gN, gL, gO, UL128;
6-17: gB, gM, gN, gL, gO, UL130; 6-18: gB, gM, gN;, gl,
g0, UL131a; 6-19: gB, gM, gN, gL, gO, UL83; 6-20: gB,
gM, gN, gl., UL128, UL130; 6-21: gB, gM, gN, gl., UL128,
UL131a; 6-22: gB, gM, gN, gL, UL128, UL83; 6-23: gB,
gM, gN, gl., UL130, UL131a; 6-24: gB, gM, gN, gL,
UL130, ULS83; 6-25: gB, gM, gN, gl., UL131a, UL83; 6-26:
gB, gM, gN, gO, UL128, UL130; 6-27: gB, gM, gN, gO,
UL128, UL131a; 6-28: gB, gM, gN, gO, UL128, ULS83;
6-29: gB, gM, gN, gO, UL130, UL131a; 6-30: gB, gM, gN,
g0, UL130, UL83; 6-31: gB, gM, gN, gO, UL131a, UL83;
6-32: gB, gM, gN, UL128, UL130, UL131a; 6-33: gB, gM,
gN, UL128, UL130, ULS83; 6-34: gB, gM, gN, UL128,
UL131a, UL83; 6-35: gB, gM, gN, UL130, UL131a, UL83;
6-36: gB, gM, gH, gL, gO, UL128; 6-37: gB, gM, gH, gl,
g0, UL130; 6-38: gB, gM, gH, gl, gO, UL131a; 6-39: gB,
eM, gH, g, gO, ULS83; 6-40: gB, gM, gH, gl., UL128,
UL130; 6-41: gB, gM, gH, gl., UL128, UL131a; 6-42: gB,
gM, gH, gl, UL128, UL83; 6-43: gB, gM, gH, gl., UL130,
UL131a; 6-44: gB, gM, gH, gL, UL130, UL83; 6-45: gB,
eM, gH, gl, UL131a, ULS83; 6-46: gB, gM, gH, gO, UL128,
UL130; 6-47: gB, gM, gH, gO, UL128, UL131a; 6-48: gB,
gM, gH, gO, UL128, ULS83; 6-49: gB, gM, gH, gO, UL130,
UL131a; 6-50: gB, gM, gH, gO, UL130, ULS83; 6-51: gB,
gM, gH, gO, UL131a, UL83; 6-52: gB, gM, gH, UL128,
UL130, UL131a; 6-53: gB, gM, gH, UL128, UL130, UL83;
6-54: gB, gM, gH, UL128, UL131a, UL83; 6-55: gB, gM,
gH, UL130, UL131a, UL83; 6-56: gB, gM, gl., gO, UL128,
UL130; 6-57: gB, gM, gL, gO, UL128, UL131a; 6-58: gB,
gM, gl., gO, UL128, UL83; 6-59: gB, gM, gL, gO, UL130,
UL131a; 6-60: gB, gM, gL, gO, UL130, UL83; 6-61: gB,
gM, gl, 2O, UL131a, UL83; 6-62: gB, gM, gl., UL128,
UL130, UL131a; 6-63: gB, gM, gl., UL128, UL130, UL83;
6-64: gB, gM, gl., UL128, UL131a, UL83; 6-65: gB, gM,
gl, UL130, UL131a, UL83; 6-66: gB, gM, gO, UL128,
UL130, UL131a; 6-67: gB, gM, gO, UL128, UL130, UL83;
6-68: gB, gM, gO, UL128, UL131a, UL83; 6-69: gB, gM,
g0, UL130, UL131a, UL83; 6-70: gB, gM, UL.128, UL130,
UL131a, ULS83; 6-71: gB, gN, gH, gl., gO, UL128; 6-72:
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gB, gN, gH, gL, gO, UL130; 6-73: gB, gN, gH, gL, gO,
UL131a; 6-74: gB, gN, gH, gL, gO, UL83; 6-75: gB, gN,
gH, gl., UL128, UL130; 6-76: gB, gN, gH, gl., UL128,
UL131a; 6-77: gB, gN, gH, gl., UL128, UL83; 6-78: gB,
gN, gH, gl., UL130, UL131a; 6-79: gB, gN, gH, gL, UL130,
ULS83; 6-80: gB, gN, gH, gl., UL131a, UL83; 6-81: gB, gN,
gH, gO, UL128, UL130; 6-82: gB, gN, gH, gO, UL128,
UL131a; 6-83: gB, gN, gH, gO, UL128, ULS83; 6-84: gB,
gN, gH, gO, UL130, UL131a; 6-85: gB, gN, gH, gO,
UL130, ULS83; 6-86: gB, gN, gH, gO, UL131a, UL83; 6-87:
gB, gN, gH, UL128, UL130, UL131a; 6-88: gB, gN, gH,
UL128, UL130, UL83; 6-89: gB, gN, gH, UL128, UL131a,
ULS83; 6-90: gB, gN, gH, UL.130, UL131a, UL83; 6-91: gB,
gN, gL, g0, UL128, UL130; 6-92: gB, gN, gl., gO, UL128,
UL131a; 6-93: gB, gN, gl., gO, UL128, UL83; 6-94: gB,
gN, gL, gO, UL130, UL131a; 6-95: gB, gN, gL, gO, UL130,
ULS83; 6-96 gB, gN, g, gO, UL131a, ULS83; 6-97: gB, gN,
gl, UL128, UL130, UL131a; 6-98: gB, gN, gl., UL128,
UL130, UL83; 6-99: gB, gN, gl., UL128, UL131a, UL83;
6-100: gB, gN, gl., ULL130, UL131a, UL83; 6-101: gB, gN,
g0, UL128, UL130, UL131a; 6-102: gB, gN, gO, UL128,
UL130, UL83; 6-103: gB, gN, gO, UL128, ULL131a, UL83;
6-104: gB, gN, gO, UL130, UL131a, UL83; 6-105: gB, gN,
UL128, UL130, UL131a, UL83; 6-106: gB, gH, gl., gO,
UL128, UL130; 6-107: gB, gH, gL, gO, UL128, UL131a;
6-108: gB, gH, gL, gO, UL128, ULS83; 6-109: gB, gH, gl,
g0, UL130, UL131a; 6-110: gB, gH, gL, gO, UL130, UL83;
6-111: gB, gH, gL, gO, UL131a, UL83; 6-112: gB, gH, gl,
UL128, UL130, UL131a; 6-113: gB, gH, gl., UL12S,
UL130, UL83; 6-114: gB, gH, gl., UL.128, UL131a, UL83;
6-115: gB, gH, gl, UL130, UL131a, UL3; 6-116: gB, gH,
g0, UL128, UL130, UL131a; 6-117: gB, gH, gO, UL128,
UL130, UL83; 6-118: gB, gH, gO, UL128, UL131a, UL83;
6-119: gB, gH, gO, UL130, UL131a, UL83; 6-120: gB, gH,
UL128, UL130, UL131a, UL83; 6-121: gB, gL, gO, UL 128,
UL130, UL131a; 6-122: gB, gl, gO, UL128, UL130, UL83;
6-123: gB, gl, gO, UL128, UL131a, ULS83; 6-124: gB, gL,
g0, UL130, UL131a, UL83; 6-125: gB, gl., UL.128, UL130,
UL131a, UL83; 6-126: gB, gO, UL128, UL130, UL131a,
ULS83; 6-127: gM, gN, gH, gL, gO, UL128; 6-128: gM, gN,
gH, gL, gO, UL130; 6-129: gM, gN, gH, gL, gO, UL131a;
6-130: gM, gN, gH, gl, gO, UL83; 6-131: gM, gN, gH, gl,
UL128, UL130; 6-132: gM, gN, gH, gl., UL128, UL131a;
6-133: gM, gN, gH, gl, UL128, ULS83; 6-134: gM, gN, gH,
gl, UL130, UL131a; 6-135: gM, gN, gH, gl., UL130,
ULS83; 6-136: gM, gN, gH, gl., UL131a, UL83; 6-137: gM,
gN, gH, gO, UL128, UL130; 6-138: gM, gN, gH, gO,
UL128, UL131a; 6-139: gM, gN, gH, gO, UL128, ULS83;
6-140: gM, gN, gH, gO, UL130, UL131a; 6-141: gM, gN,
gH, gO, UL130, ULS83; 6-142: gM, gN, gH, gO, UL131a,
ULS83; 6-143: gM, gN, gH, UL128, UL130, UL131a; 6-144:
gM, gN, gH, UL128, UL130, UL83; 6-145: gM, gN, gH,
UL128, UL131a, ULS83; 6-146: gM, gN, gH, ULI130,
UL131a, UL83; 6-147: gM, gN, gl., gO, UL128, UL130;
6-148: gM, gN, gl., gO, UL128, UL131a; 6-149: gM, gN,
gl, g0, UL128, UL83; 6-150: gM, gN, gl., gO, UL130,
UL131a; 6-151: gM, gN, gl., gO, UL130, UL83; 6-152: gM,
gN, gl., g0, UL131a, UL83; 6-153: gM, gN, g, UL128,
UL130, UL131a; 6-154: gM, gN, gl,, UL128, UL130,
ULS83; 6-155: gM, gN, gl., UL128, UL131a, UL83; 6-156:
gM, gN, gl., UL130, UL131a, UL83; 6-157: gM, gN, gO,
UL128, UL130, UL131a; 6-158: gM, gN, gO, ULI128,
UL130, ULS83; 6-159: gM, gN, gO, UL128, UL.131a, UL83;
6-160: gM, gN, 2O, UL130, ULL131a, UL83; 6-161: gM, gN,
UL128, UL130, UL131a, ULS83; 6-162: gM, gH, gL, gO,
UL128, UL130; 6-163: gM, gH, gl., gO, UL128, UL131a;
6-164: gM, gH, gL, gO, UL128, UL83; 6-165: gM, gH, gl,
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g0, UL130, UL131a; 6-166: gM, gH, gL, gO, UL130,
ULS83; 6-167: gM, gH, gL, g0, UL131a, UL83; 6-168: gM,
gH, gl, UL128, UL130, UL131a; 6-169: gM, gH, gL,
UL128, UL130, UL83; 6-170: gM, gH, gL, ULI128,
UL131a, UL83; 6-171: gM, gH, g, UL130, UL131a,
ULS83; 6-172: gM, gH, gO, UL128, UL130, UL131a; 6-173:
gM, gH, gO, UL128, UL130, UL83; 6-174: gM, gH, gO,
UL128, UL131a, UL83; 6-175: gM, gH, gO, UL130,
UL131a, UL83; 6-176: gM, gH, UL128, UL130, UL131a,
ULS83; 6-177: gM, gL, gO, UL128, UL130, UL131a; 6-178:
gM, gL, gO, UL128, UL130, UL83; 6-179: gM, gL, gO,
UL128, UL131a, UL83; 6-180: gM, gL, gO, UL130,
UL131a, UL83; 6-181: gM, g, UL128, UL130, UL131a,
ULS83; 6-182: gM, gO, UL128, UL130, UL131a, UL83;
6-183: gN, gH, gl, gO, UL 128, UL130; 6-184: gN, gH, gl,
g0, UL128,UL131a; 6-185: gN, gH, gL, gO, UL128, UL83;
6-186: gN, gH, gl, gO, UL130, UL131a; 6-187: gN, gH, gl,
g0, UL130, UL83; 6-188: gN, gH, g, gO, UL131a, UL83;
6-189: gN, gH, g, UL128, UL130, UL131a; 6-190: gN, gH,
gl, UL128, UL130, UL83; 6-191: gN, gH, gl, UL128,
UL131a, UL83; 6-192: gN, gH, gL, UL130, UL131a, UL83;
6-193: gN, gH, gO, UL128, UL130, UL131a; 6-194: gN,
gH, ¢O, UL128, UL130, UL83; 6-195: gN, gH, gO, UL128,
UL131a,ULS83; 6-196: gN, gH, gO, UL130, UL131a, UL83;
6-197: gN, gH, UL128, UL130, UL131a, UL83; 6-198: gN,
gl, gO, UL128, UL130, UL131a; 6-199: gN, gL, gO,
UL128, UL130, UL83; 6-200: gN, gL, gO, UL128, UL131a,
ULS83; 6-201: gN, gL, gO, UL130, UL131a, UL83; 6-202
gN, gL, UL128, UL130, UL131a, UL83; 6-203: gN, gO,
UL128,UL130, UL131a, ULS83; 6-204: gH, gl., gO, UL128,
UL130, UL131a; 6-205: gH, gL, gO, UL128, UL 130, UL83;
6-206: gH, g, gO, UL128, UL131a, UL83; 6-207: gH, gL,
g0, UL130, UL131a, ULS83; 6-208: gH, gl, UL128, UL130,
UL131a, UL83; 6-209: gH, gO, UL128, UL130, UL131a,
ULS83; and 6-210: gL, gO, UL128, UL130, UL131a, UL83.
In some embodiments, these vaccines comprise one or more
of the coding sequences encoding each of gB, gM, gN, gH,
gl, gO, UL128, UL130, UL131a that have sequences
selected from the group consisting of SEQ ID NO:2, 4, 6, 8,
10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40,
42, 44, 46, 48, 50, 52, 54, 56, 58 and 60. In some embodi-
ments, one or more of the coding sequences is selected from
the group consisting of SEQ ID NO:1, 3, 5,7, 9, 11, 13, 15,
17,19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47,
49, 51, 53, 55, 57 and 59. In some embodiments, one or more
of the coding sequences in a vaccine is selected from the
group consisting of SEQ ID NO:1, 3, 5,7, 9, 11, 13, 15, 17,
19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49,
51, 53, 55, 57 and 59.

Example 7

In some embodiments, a composition comprising coding
sequences for five of: gB, gM, gN, gH, gl, gO, UL128,
UL130, UL131a, U83, or multiple compositions which
collectively comprise coding sequences for five of: gB, gM,
gN, gH, gl., gO, UL128, UL130, UL131a, U83 are admin-
istered. The composition which comprises coding sequences
of five of gB, gM, gN, gH, gl, gO, UL.128, UL130, UL131a,
US83, or combinations of compositions that collectively
comprise coding sequences of five of gB, gM, gN, gH, gl.,
g0, UL128, UL130, UL131a, U83 are referred to as “five
antigen vaccines”. The following combinations 5-1 to 5-252
may be present in an five antigen vaccine: 5-1: gB, gM, gN,
gH, gl; 5-2: gB, gM, gN, gH, gO; 5-3: gB, gM, gN, gH,
UL128; 5-4: gB, gM, gN, gH, UL130; 5-5: gB, gM, gN, gH,
UL131a; 5-6: gB, gM, gN, gH, UL83; 5-7: gB, gM, gN, gL,
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g0; 5-8: gB, gM, gN, gl., UL128; 5-9: gB, gM, gN, gL,
UL130; 5-10: gB, gM, gN, gl., UL131a; 5-11: gB, gM, gN,
gl, UL83; 5-12: gB, gM, gN, gO, UL128; 5-13: gB, gM,
gN, g0, UL130; 5-14: gB, gM, gN, gO, UL131a; 5-15: gB,
gM, gN; gO, ULR3; 5-16: gB, gM, gN, UL128, UL130;
5-17: gB, gM, gN, UL128, UL131a; 5-18: gB, gM, gN,
UL128, UL83; 5-19: gB, gM, gN, UL130, UL131a; 5-20:
gB, gM, gN, UL130, ULR3; 5-21: gB, gM, gN, UL131A,
ULS83; 5-22: gB, gM, gH, gL, gO; 5-23: gB, gM, gH, gL,
UL128; 5-24: gB, gM, gH, gL, UL130; 5-25: gB, gM, gH,
gl, UL131a; 5-26: gB, gM, gH, gL, UL83; 5-27: gB, gM,
gH, gO, UL128; 5-28: gB, gM, gH, gO, UL130; 5-29: gB,
gM, gH, gO, UL131a; 5-30: gB, gM, gH, gO, UL83; 5-31:
gB, gM, gH, UL128, UL130; 5-32: gB, gM, gH, UL128,
UL131a; 5-33: gB, gM, gH, UL128, ULS83; 5-34: gB, gM,
gH, UL130, UL131a; 5-35: gB, gM, gH, UL130, ULS83;
5-36: gB, gM, gH, UL131A, UL83; 5-37: gB, gM, gL, gO,
UL128; 5-38: gB, gM, gL, gO, UL130; 5-39: gB, gM, gL,
g0, UL131a; 5-40: gB, gM, gL, gO, ULS83; 5-41: gB, gM,
gl, UL128, UL130; 5-42: gB, gM, gl., UL128, UL131a;
5-43: gB, gM, gl., UL 128, UL83; 5-44: gB, gM, gl., UL130,
UL131a; 5-45: gB, gM, g, UL130, UL83; 5-46: gB, gM,
gl, UL131A, UL83; 5-47: gB, gM, gO, UL128, UL130;
5-48: gB, gM, gO, UL128, UL131a; 5-49: gB, gM, gO,
UL128, ULR3; 5-50: gB, gM, gO, UL130, UL131a; 5-51:
gB, gM, gO, UL130, ULR3; 5-52: gB, gM, gO, UL131A,
ULS83; 5-53: gB, gM, UL128, UL130, UL131a; 5-54: gB,
gM, UL128, UL130, ULS83; 5-55: gB, gM, ULI128,
UL131A, UL83; 5-56: gB, gM, UL130, UL131A, ULS83;
5-57: gB, gN, gH, gL, gO; 5-58: gB, gN, gH, gl., UL128;
5-59: gB, gN, gH, g, UL130; 5-60: gB, gN, gH, gl
UL131a; 5-61: gB, gN, gH, gL, UL83; 5-62: gB, gN, gH,
g0, UL128; 5-63: gB, gN, gH, gO, UL130; 5-64: gB, gN,
gH, gO, UL131a; 5-65: gB, gN, gH, gO, UL83; 5-66: gB,
gN, gH, UL128, UL130; 5-67: gB, gN, gH, UL128,
UL131a; 5-68: gB, gN, gH, UL128, UL83; 5-69: gB, gN,
gH, UL130, UL131a; 5-70: gB, gN, gH, UL130, ULS83;
5-71: gB, gN, gH, UL131A, UL83; 5-72: gB, gN, gL, gO,
UL128; 5-73: gB, gN, gL, gO, UL130; 5-74: gB, gN, gL,
g0, UL131a; 5-75: gB, gN, gL, gO, ULS83; 5-76: gB, gN,
gl, UL128, UL130; 5-77: gB, gN, gl., UL128, UL131a;
5-78: gB, gN, gl., U128, UL83; 5-79: gB, gN, gl., UL130,
UL131a; 5-80: gB, gN, gL, UL130, ULS83; 5-81: gB, gN, gL,
UL131A, UL83; 5-82: gB, gN, gO, UL128, UL130; 5-83:
gB, gN, gO, UL128, UL131a; 5-84: gB, gN, gO, UL128,
ULS83; 5-85: gB, gN, gO, UL130, UL131a; 5-86: gB, gN,
g0, UL130, UL3; 5-87: gB, gN, gO, UL131A, ULS83; 5-88:
gB, gN, UL128, UL130, UL131a; 5-89: gB, gN, UL128,
UL130, UL83; 5-90: gB, gN, UL128, UL131A, UL83; 5-91:
gB, gN, UL130, UL131A, ULS83; 5-92: gB, gH, gl., gO,
UL128; 5-93: gB, gH, gL, gO, UL130; 5-94: gB, gH, gL,
g0, UL131a; 5-95: gB, gH, gL, gO, ULS83; 5-96: gB, gH,
gl, UL128, UL130; 5-97: gB, gH, gl., UL128, UL131a;
5-98: gB, gH, gl., U128, UL83; 5-99: gB, gH, gl., UL130,
UL131a; 5-100: gB, gH, gl., UL130, UL83; 5-101: gB, gH,
gl, UL131A, UL83; 5-102: gB, gH, gO, UL128, UL130;
5-103: gB, gH, gO, UL128, UL131a; 5-104: gB, gH, gO,
UL128, UL83; 5-105: gB, gH, gO, UL130, UL131a; 5-106:
gB, gH, g0, UL130, UL83; 5-107: gB, gH, gO, UL131A,
ULS83; 5-108: gB, gH, U128, UL.130, UL.131a; 5-109: gB,
gH, UL128, UL130, UL83; 5-110: gB, gH, UL128,
UL131A, UL83; 5-111: gB, gH, UL130, UL131A, ULS83;
5-112: gB, gl., gO, UL128, UL130; 5-113: gB, gL, gO,
UL128, UL131a; 5-114: gB, gl., gO, UL128, UL83; 5-115:
gB, gl, 2O, UL130, UL131a; 5-116: gB, gl., gO, UL130,
ULS83; 5-117: gB, gl, gO, UL131A, ULS83; 5-118: gB, gL,
UL128, UL130, UL131a; 5-119: gB, gL, UL128, UL130,
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ULS83; 5-120: gB, gL, UL128, UL131A, UL83; 5-121: gB,
gl, UL130, UL131A, ULR3; 5-122: gB, gO, UL128,
UL130, UL131a; 5-123: gB, gO, UL128, UL130, ULS83;
5-124: ¢gB, gO, UL128, UL131A, UL83; 5-125: gB, g0,
UL130, UL131A, ULRB3; 5-126: gB, UL128, ULI130,
ULI131A, ULS83; 5-127: gM, gN, gH, gL, gO; 5-128: gM,
gN, gH, gl., UL128; 5-129: gM, gN, gH, gl., UL130; 5-130:
gM, gN, gH, gl, UL131a; 5-131: gM, gN, gH, gl, ULS83;
5-132: gM, gN, gH, gO, UL128; 5-133: gM, gN, gH, gO,
UL130; 5-134: gM, gN, gH, gO, UL131a; 5-135: gM, gN,
gH, g0, ULR3; 5-136: gM, gN, gH, U128, UL130; 5-137:
gM, gN, gH, UL128, UL131a; 5-138: gM, gN, gH, UL128,
UL83; 5-139: gM, gN, gH, UL.130, UL131a; 5-140: gM, gN,
gH, UL130, UL83; 5-141: gM, gN, gH, UL131A, ULS83;
5-142: gM, gN, gl., gO, UL128; 5-143: gM, gN, gL, gO,
UL130; 5-144: gM, gN, gL, gO, UL131a; 5-145: gM, gN,
gl, g0, UL83; 5-146: gM, gN, gl., UL128, UL130; 5-147:
gM, gN, gl., UL128, UL131a; 5-148: gM, gN, gl., UL128,
ULS83; 5-149: gM, gN, gl., UL130, UL131a; 5-150: gM, gN,
gl, UL130, UL83; 5-151: gM, gN, gl., UL131A, ULS83;
5-152: gM, gN, gO, UL128, UL130; 5-153: gM, gN, gO,
UL128, UL131a; 5-154: gM, gN, gO, UL 128, UL83; 5-155:
gM, gN, gO, UL130, UL131a; 5-156: gM, gN, gO, UL130,
ULS83; 5-157: gM, gN, gO, UL131A, UL83; 5-158: gM, gN,
UL128, UL130, UL131a; 5-159: gM, gN, UL128, UL130,
ULS83; 5-160: gM, gN, UL128, UL131A, UL83; 5-161: gM,
gN, UL130, UL131A, ULR3; 5-162: gM, gH, gL, gO,
UL128; 5-163: gM, gH, gL, gO, UL130; 5-164: gM, gH, gL,
g0, UL131a; 5-165: gM, gH, gL, gO, UL83; 5-166: gM, gH,
gl, UL128, UL130; 5-167: gM, gH, gl., UL128, UL131a;
5-168: gM, gH, gl., UL128, ULS83; 5-169: gM, gH, gL,
UL130, UL131a; 5-170: gM, gH, gl., UL130, UL83; 5-171:
gM, gH, gl, UL131A, UL83; 5-172: gM, gH, gO, UL128,
UL130; 5-173: gM, gH, gO, UL128, UL131a; 5-174: gM,
gH, gO, UL128, ULS83; 5-175: gM, gH, gO, ULI130,
UL131a; 5-176: gM, gH, gO, UL.130, UL83; 5-177: gM, gH,
gO, UL131A, ULR3; 5-178: gM, gH, UL128, UL130,
UL131a; 5-179: gM, gH, UL128, UL 130, UL83; 5-180: gM,
gH, UL128, UL131A, ULS83; 5-181: gM, gH, ULI130,
UL131A, UL83; 5-182: gM, g, gO, UL128, UL130; 5-183:
gM, gl., gO, UL128, UL131a; 5-184: gM, gl, gO, UL128,
ULS83; 5-185: gM, gl, gO, ULL130, UL131a; 5-186: gM, gL,
g0, UL130, UL83; 5-187: gM, gl., gO, UL131A, ULS83;
5-188: gM, gl., UL128, UL130, UL131a; 5-189: gM, gL,
UL128, UL130, UL83; 5-190: gM, gl., UL128, UL131A,
ULS83; 5-191: gM, gl., UL130, UL131A, UL83; 5-192: gM,
gO, UL128, UL130, UL131a; 5-193: gM, gO, UL128,
UL130, UL83; 5-194: gM, gO, UL128, UL131A, ULS83;
5-195: gM, gO, UL130, UL131A, ULR3; 5-196: gM,
UL128, UL130, UL131A, ULS83; 5-197: gN, gH, gL, gO,
UL128; 5-198: gN, gH, g, gO, UL130; 5-199: gN, gH, gL,
g0, UL131a; 5-200: gN, gH, gL, gO, UL83; 5-201: gN, gH,
gl, UL128, UL130; 5-202: gN, gH, gl., UL128, UL131a;
5-203: gN, gH, gl,, UL128, ULR3; 5-204: gN, gH, gL,
UL130, UL131a; 5-205: gN, gH, g, UL.130, UL83; 5-206:
gN, gH, gl,, UL131A, ULS83; 5-207: gN, gH, gO, UL128,
UL130; 5-208: gN, gH, gO, UL128, UL131a; 5-209: gN,
gH, gO, UL128, UL83; 5-210: gN, gH, gO, UL130,
UL131a; 5-211: gN, gH, gO, UL130, UL83; 5-212: gN, gH,
gO, UL131A, ULS83; 5-213: gN, gH, UL128, UL130,
UL131a; 5-214: gN, gH, ULL128, UL130, UL83; 5-215: gN,
gH, UL128, UL131A, ULS83; 5-216: gN, gH, ULI130,
UL131A, UL83; 5-217: gN, gl., g0, UL128, UL130; 5-218:
gN, gl, g0, UL128, UL131a; 5-219: gN, gl., gO, UL128,
ULS83; 5-220: gN, gl., gO, UL130, UL131a; 5-221: gN, gL,
g0, UL130, UL83; 5-222: gN, gl., gO, UL131A, ULS83;
5-223: gN, gl., UL128, UL130, UL131a; 5-224: gN, gl.,
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UL128, UL130, UL83; 5-225: gN, gl,, UL128, UL131A,
UL83; 5-226: gN, gL, UL130, UL131A, UL83; 5-227: gN,
g0, UL128, UL130, ULI31a; 5-228: gN, gO, ULI128,
UL130, UL83; 5-229: gN, gO, UL128, UL131A, ULS3,
5-230: gN, gO, UL130, UL131A, UL83; 5-231: gN, UL128,
UL130, UL131A, UL83; 5-232: gH, gL, gO, UL128,
UL130; 5-233: gH, gL, gO, UL128, UL131a; 5-234: gH, gl
g0, UL128, UL83; 5-235: gH, gL, gO, UL130, UL131a;
5-236: gH, gL, gO, UL130, UL83; 5-237: gH, gL, gO,
ULI131A, ULS83; 5-238: gH, gL, UL128, UL130, UL131a;
5-239: gH, gl,, UL128, UL130, UL83; 5-240: gH, gL,
UL128, UL131A, UL83; 5-241: gH, gL, UL130, UL131A,
UL83; 5-242: gH, gO, UL128, UL130, UL131a; 5-243: gH,
g0, ULI28, UL130, ULS83; 5-244: gH, gO, ULI128,
ULI131A, UL83; 5-245: gH, gO, UL130, UL131A, ULS3,
5-246: gH, UL128, UL130, UL131A, UL83; 5-247: gL, gO,
UL128, UL130, UL131a; 5-248: gL, gO, UL128, UL130,
UL83; 5-249: gL, g0, UL128, UL131A, UL83; 5-250: gL,
g0, UL130, UL131A, UL83; 5-251: gL, UL128, UL130,
ULI131A, UL83; and 5-252: gO, UL128, UL130, UL131A,
ULS83. In some embodiments, these vaccines comprise one
or more of the coding sequences encoding each of gB, gM,
gN, gH, gl, gO, UL128, UL130, UL131a that have
sequences selected from the group consisting of SEQ ID
NO:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32,
34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58 and 60. In
some embodiments, one or more of the coding sequences is
selected from the group consisting of SEQ ID NO:1, 3, 5, 7,
9,11, 13, 15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, 55, 57 and 59. In some embodi-
ments, one or more of the coding sequences in a vaccine is
selected from the group consisting of SEQ ID NO:1, 3, 5, 7,
9,11, 13, 15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, 55, 57 and 59.

Example 8

In some embodiments, a composition comprising coding
sequences for four of: gB, gM, gN, gH, gl., gO, UL128,
UL130, UL131a, U83, or multiple compositions which
collectively comprise coding sequences for four of: gB, gM,
gN, gH, gl., gO, UL128, UL130, UL131a, U83 are admin-
istered. The composition may comprises coding sequences
of four of gB, gM, gN, gH, gl., gO, UL128, UL130,
UL131a, U83, or combinations of compositions that collec-
tively comprise coding sequences of four of gB, gM, gN,
gH, gl., gO, UL128, UL130, UL131a, U83. The following
combinations 4-1 to 4-210 may be present in a four antigen
vaccine: 4-1: gB, gM, gN, gH; 4-2: gB, gM, gN, gl; 4-3: gB,
gM, gN, gO; 4-4: gB, gM, gN, Ul128; 4-5: gB, gM, gN,
U130; 4-6: gB, gM, gN, Ul31a; 4-7: gB, gM, gN, U83; 4-8:
gB, gM, gH, gl; 4-9: gB, gM, gH, gO; 4-10: gB, gM, gH,
U128; 4-11: gB, gM, gH, U130; 4-12: gB, gM, gH, U131A;
4-13: gB, gM, gH, US83; 4-14: gB, gM, gL, gO; 4-15: gB,
eM, gl, U128; 4-16: gB, gM, gL, U130; 4-17: gB, gM, gL,
U131A; 4-18: gB, gM, gl, U83; 4-19: gB, gM, gO, U128;
4-20: gB, gM, gO, U130; 4-21: gB, gM, gO, U131A; 4-22:
gB, gM, gO, U83; 4-23: gB, gM, U128; U130; 4-24: gB,
gM, U128; U131A; 4-25: gB, gM, U128; U83; 4-26: gB,
gM, U130; U131A; 4-27: gB, gM, U130; U83; 4-28: gB,
gM, UI31A; U83; 4-29: gB, gN, gH, gl ; 4-31: gB, gN, gH,
20; 4-32: gB, gN, gH, U128; 4-33: gB, gN, gH, U130; 4-34:
gB, gN, gH, Ul131A; 4-35: gB, gN, gH, U83; 4-36: gB, gN,
gL, g0; 4-37: gB, gN, gL, U128; 4-38: gB, gN, gL, U130;
4-39: gB, gN, gL, U131A; 4-40: gB, gN, gl, U83; 4-41: gB,
gN, g0, U128; 4-42: gB, gN, gO, U130; 4-43: gB, gN, g0,
U131A; 4-44: gB, gN, gO, U83; 4-45: gB, gN, U128; U130;

10

15

20

25

30

35

40

45

50

55

60

65

60
4-46: gB, gN, U128; U131A; 4-47: gB, gN, U128; U83;
4-48: gB, gN, U130; U131A; 4-49: gB, gN, U130; U83;
4-50: gB, gN, U131A; U83; 4-51: gB, gH, gl, gO; 4-52: gB,
gH, gl., U128; 4-53: gB, gH, gl, U130; 4-54: gB, gH, gL,
U131A; 4-55: gB, gH, gL, U83; 4-56: gB, gH, gO, U128;
4-57: gB, gH, gO, U130; 4-58: gB, gH, gO, UI31A; 4-59:
gB, gH, gO, U83; 4-60: gB, gH, U128; U130; 4-61: gB, gH,
U128; U131A; 4-62: gB, gH, U128; U83; 4-63: gB, gH,
U130; U131A; 4-64: gB, gH, U130; U83; 4-65: gB, gH,
U131A; U83; 4-66: gB, gL, gO, U128; 4-67: gB, gL, g0,
U130; 4-68: gB, gL, gO, UI31A; 4-69: gB, gL, gO, U83;
4-70: gB, gL, U128; U130; 4-71: gB, gL, U128; Ul31A;
4-72: gB, gl, U128; U83; 4-73: gB, gl,, U130; Ul31A;
4-74: gB, gl,, U130; U83; 4-75: gB, gl, UI31A; U83; 4-76:
gB, g0, U128; U130, 4-77: gB, g0, U128; U131A; 4-78:
gB, g0, U128; U83; 4-79: gB, gO, U130; U131A; 4-80: gB,
g0, U130; US83; 4-81: gB, gO, U131A; US83; 4-82: gB,
U128; U130; U131A; 4-83: gB, U128; U130; U83; 4-84:
gB, U128; U131A; U83; 4-85: gB, U130; Ul131A; US83;
4-86: gM, gN, gH, gl; 4-87: gM, gN, gH, gO; 4-88: gM, gN,
gH, U128; 4-89: gM, gN, gH, U130; 4-90: gM, gN, gH,
U131A; 4-91: gM, gN, gH, U83; 4-92: gM, gN, gL, gO;
4-93: gM, gN, gL, U128; 4-94: gM, gN, gl., U130; 4-95:
gM, gN, gl., U131A; 4-96: gM, gN, gL, U83; 4-97: gM, gN,
g0, U128; 4-98: gM, gN, gO, U130; 4-99: gM, gN, gO,
U131A; 4-100: gM, gN, gO, U83; 4-101: gM, gN, U128;
U130; 4-102: gM, gN, U128; U131A; 4-103: gM, gN, U128;
US83; 4-104: gM, gN, 0130; U131A; 4-105: gM, gN, 0130;
U83; 4-106: gM, gN, U131A; U83; 4-107: gM, gH, gL, gO;
4-108: gM, gH, gl., U128; 4-109: gM, gH, gL, U130; 4-110:
eM, gH, gl, U131A; 4-111: gM, gH, gL, U83; 4-112: gM,
gH, gO, U128; 4-113: gM, gH, gO, U130; 4-114: gM, gH,
g0, U131A; 4-115: gM, gH, gO, U83; 4-116: gM, gH,
U128; U130; 4-117: gM, gH, U128; U131A; 4-118: gM, gH,
U128; UB3; 4-119: gM, gH, U130; U131A; 4-120: gM, gH,
U130; U83; 4-121: gM, gH, U131A; U83; 4-122: gM, gL,
g0, U128; 4-123: gM, gL, gO, U130; 4-124: gM, gL, gO,
U131A; 4-125: gM, gL, gO, U83; 4-126: gM, gl., U128;
U130; 4-127: gM, gl., U128; U131A; 4-128: gM, g, U128;
US83; 4-129: gM, g, U130; U131A; 4-130: gM, gL, U130;
US83; 4-131: gM, gL, U131A; U83; 4-132: gM, gO, U128;
U130; 4-133: gM, gO, U128; U131A; 4-134: gM, gO, U128;
US83; 4-135: gM, g0, U130; U131A; 4-136: gM, gO, U130;
US83; 4-137: gM, gO, U131A; U83; 4-138: gM, U128; U130;
U131A; 4-139: gM, U128; U130; U83; 4-140: gM, U128;
U131A; US83; 4-141: gM, U130; U131A; U83; 4-142: gN,
gH, gL, gO; 4-143: gN, gH, gl., U128; 4-144: gN, gH, gl,
U130; 4-145: gN, gH, g, UI31A; 4-146: gN, gH, gl, U83;
4-147: gN, gH, gO, U128; 4-148: gN, gH, gO, U130; 4-149:
gN, gH, gO, U131A; 4-150: gN, gH, gO, U83; 4-151: gN,
gH, U128; U130; 4-152: gN, gH, U128; U131A; 4-153: gN,
gH, U128; U83; 4-154: gN, gH, U130; U131A; 4-155: gN,
gH, U130; U83; 4-156: gN, gH, U131A; U83; 4-157: gN,
gl, g0, U128; 4-158: gN, gl, g0, U130; 4-159: gN, gL, gO,
U131A; 4-160: gN, gL, gO, U83; 4-161: gN, gl., U128§;
U130; 4-162: gN, gl., U128; U131A; 4-163: gN, gl., U128;
US83; 4-164: gN, gl., U130; U131A; 4-165: gN, gL, U130;
US83; 4-166: gN, gl, U131A; UB3; 4-167: gN, g0, U128;
U130; 4-168: gN, gO, U128; U131A; 4-169: gN, gO, U128;
US83; 4-170: gN, gO, U130; U131A; 4-171: gN, gO, U130;
US83; 4-172: gN, gO, U131A; U83; 4-173: gN, U128; U130;
U131A; 4-174: gN, U128; U130; U83; 4-175: gN, U128;
U131A; U83; 4-176: gN, U130; U131A; US83; 4-177: gH,
gl, g0, U128;4-178: gH, gL, g0, U130; 4-179: gH, gL, gO,
U131A; 4-180: gH, gL, gO, U83; 4-181: gH, gL, U128§;
U130; 4-182: gH, gl., U128; U131A; 4-183: gH, gl., U128;
US83; 4-184: gH, gl., U130; U131A; 4-185: gH, gL, 0130;
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U83; 4-186: gH, gL, U131A; U83; 4-187: gH, gO, U128,
U130, 4-188: gH, g0, U128; U131A4; 4-189: gH, gO, U128,
U83; 4-190: gH, gO, U130; U131A; 4-191: gH, g0, U130,
U83; 4-192: gH, g0, U131A; U83; 4-193: gH, U128; U130;
Ul131A; 4-194: gH, U128; U130, U83; 4-195: gH, U128,
Ul131A; U83; 4-196: gH, U130; U131A; U83; 4-197: gL,
20, U128; U130; 4-198: gL, gO, U128; U131A; 4-199: gL,
20, 0128; U83; 4-200: gL, gO, 0130; U131A; 4-201: gL,
20, U130; U83; 4-202: gL, gO, Ul31A; U83; 4-202: gL,
U128; U130; U131A; 4-203: gL, U128; U130; U83; 4-204:
gl, U128; Ul31A; U83; 4-205: gL, U130; Ul31A; U83;
4-206: g0, U128; U130; U131A; 4-207: gO, U128; U130,
U83; 4-208: gO, U128; Ul31A; U83; 4-209: gO, U130,
Ul131A; U83; and 4-210: Ul128; U130; Ul31A; US3. In
some embodiments, these vaccines comprise one or more of
the coding sequences encoding each of gB, gM, gN, gH, gl.,
g0, UL128, UL130, UL131a that have sequences selected
from the group consisting of SEQ ID NO:2, 4, 6, 8, 10, 12,
14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44,
46, 48, 50, 52, 54, 56, 58 and 60. In some embodiments, one
or more of the coding sequences is selected from the group
consisting of SEQ ID NO:1, 3, 5,7, 9, 11, 13, 15,17, 19, 21,
23,25, 27,29,31, 33, 35,37, 39, 41, 43, 45, 47, 49, 51, 53,
55, 57 and 59. In some embodiments, one or more of the
coding sequences in a vaccine is selected from the group
consisting of SEQ ID NO:1, 3, 5,7, 9, 11, 13, 15,17, 19, 21,
23,25, 27,29,31, 33, 35,37, 39, 41, 43, 45, 47, 49, 51, 53,
55, 57 and 59.

Example 9

In some embodiments, a composition comprising coding
sequences for three of: gB, gM, gN, gH, gl., gO, UL128,
UL130, UL131a, U83, or multiple compositions which
collectively comprise coding sequences for three of: gB,
gM, gN, gH, g, gO, UL128, UL130, UL131a, U83 are
administered. The composition which comprises coding
sequences of three of gB, gM, gN, gH, gl., gO, UL128,
UL130, UL131a, U83, or combinations of compositions that
collectively comprise coding sequences of three of gB, gM,
gN, gH, gl., g0, UL128, UL130, UL131a, U83 are referred
to as “three antigen vaccines”. The following combinations
3-1 to 3-120 may be present in a three antigen vaccine: 3-1:
gB, gM, gN; 3-2: gB, gM, gH; 3-3: gB, gM, gl; 3-4: gB,
gM, gO; 3-5: gB, gM, UL128; 3-6: gB, gM, UL130; 3-7: gB,
gM, UL131A; 3-8: gB, gM, ULS83; 3-9: gB, gN, gH; 3-10:
gB, gN, gl ; 3-11: gB, gN, gO; 3-12: gB, gN, UL128; 3-13:
gB, gN, UL130; 3-14: gB, gN, ULI131A; 3-15: gB, gN,
ULS83; 3-16: gB, gH, gl; 3-17: gB, gH, gO; 3-18: gB, gH,
UL128;3-19: gB, gH, UL130; 3-20: gB, gH, UL131A; 3-21:
gB, gH, ULR83; 3-22: gB, gl, gO; 3-23: gB, gl., UL128;
3-24: gB, gl., UL130; 3-25: gB, gl., UL131A; 3-26: gB, g,
ULS83; 3-27: gB, gO, UL128; 3-28: gB, gO, UL130; 3-29:
gB, g0, UL131A; 3-30: gB, gO, UL83; 3-31: gB, UL128,
UL130; 3-32: gB, UL128, UL131A; 3-33: gB, UL128,
ULS83; 3-34: gB, UL130, UL131A; 3-35: gB, UL130, UL83;
3-36: gB, UL131A, UL83;3-37: gM, gN, gH; 3-38: gM, gN,
gl;3-39: gM, gN, gO; 3-40: gM, gN, UL128; 3-41: gM, gN,
UL130; 3-42: gM, gN, UL131A; 3-43: gM, gN, UL83; 3-44:
eM, gH, gl ; 3-45: gM, gH, gO; 3-46: gM, gH, UL 128; 3-47:
gM, gH, UL130; 3-48: gM, gH, UL131A; 3-49: gM, gH,
ULS83; 3-50: gM, gL, gO; 3-51: gM, gL, UL128; 3-52: gM,
gl, UL130; 3-53: gM, gL, UL131A; 3-54: gM, gL, UL83;
3-55: gM, gO, UL128; 3-56: gM, gO, UL130; 3-57: gM, gO,
UL131A; 3-58: gM, gO, UL83; 3-59: gM, UL128, UL130;
3-60: gM, UL128, UL131A; 3-61: gM, UL128, UL83; 3-62:
gM, UL130, UL131A; 3-63: gM, UL130, UL83; 3-64: gM,
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UL131A, UL83; 3-65: gN, gH, gL; 3-66: gN, gH, gO; 3-67:
gN, gH, UL128; 3-68: gN, gH, UL130; 3-69: gN, gH,
UL131A; 3-70: gN, gH, UL83; 3-71: gN, gL, gO; 3-72: gN,
gl, UL128; 3-73: gN, gL, UL130; 3-74: gN, gl, UL131A;
3-75: gN, gL, UL83; 3-76: gN, gO, UL128; 3-77: gN, gO,
UL130; 3-78: gN, gO, UL131A;3-79: gN, gO, UL83; 3-80:
gN, UL128, UL130; 3-81: gN, UL128, UL131A; 3-82: gN,
UL128, UL83; 3-83: gN, UL130, UL131A; 3-84: gN,
UL130, UL83; 3-85: gN, UL131A, UL83; 3-86: gH, gL, gO;
3-87: gH, gl, UL128; 3-88: gH, gl, UL130; 3-89: gH, gl,
UL131A; 3-90: gH, gL, UL83; 3-91: gH, gO, UL128; 3-92:
gH, gO, UL130; 3-93: gH, gO, UL131A; 3-94: gH, gO,
ULS83; 3-95: gH, UL128, UL130; 3-96: gH, UL128,
UL131A; 3-97: gH, UL128, ULS83; 3-98: gH, UL130,
ULI131A; 3-99: gH, UL130, UL83; 3-100: gH, UL131A,
ULS83; 3-101: gL, gO, UL128; 3-102: gL, gO, UL130;
3-103: gL, gO, UL131A; 3-104: gL, gO, UL83; 3-105: gL,
UL128, UL130; 3-106: gL, UL128, UL131A; 3-107: gL,
UL128, UL83; 3-108: gL, UL130, UL131A; 3-109: gL,
UL130, ULS83; 3-110: g, UL131A, ULS83; 3-111: gO,
UL128, UL130; 3-112: gO, UL128, UL131A; 3-113: gO,
UL128, UL83; 3-114: gO, UL130, UL131A; 3-115: gO,
UL130, UL83; 3-116: gO, UL131A, ULS83; 3-117: UL128,
UL130, UL131A; 3-118: UL128, UL130, UL83; 3-119:
UL128, UL131A, UL83; and 3-120: UL130, UL131A,
ULS83. In some embodiments, these vaccines comprise one
or more of the coding sequences encoding each of gB, gM,
gN, gH, gl,, gO, UL128, UL130, UL131a that have
sequences selected from the group consisting of SEQ ID
NO:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32,
34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58 and 60. In
some embodiments, one or more of the coding sequences is
selected from the group consisting of SEQ ID NO:1, 3, 5, 7,
9,11, 13, 15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, 55, 57 and 59. In some embodi-
ments, one or more of the coding sequences in a vaccine is
selected from the group consisting of SEQ ID NO:1, 3, 5, 7,
9,11, 13, 15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, 55, 57 and 59.

Example 10

In some embodiments, a composition comprising coding
sequences for two of: gB, gM, gN, gH, gl, gO, UL128,
UL130, UL131a, U83, or multiple compositions which
collectively comprise coding sequences for two of: gB, gM,
gN, gH, gl., gO, UL128, UL130, UL131a, U83 are admin-
istered. The composition may comprises coding sequences
of'two of gB, gM, gN, gH, gl., gO, ULL128, UL130, UL131a,
US83, or combinations of compositions that collectively
comprise coding sequences of two of gB, gM, gN, gH, gl,
gO, UL128, UL130, UL131a, U83. There are 45 subsets
(2-1 to 2-45) having 2 antigens from the set of HCMV
antigens consisting of: gB, gM, gN, gH, gl., gO, UL128,
U130, UL131a and UL83. The following combinations 2-1
to 2-45 may be present in a two antigen vaccine: 2-1 gB, gM,
2-2 gB, gN, 2-3 gB, gH, 2-4 gB, g, 2-5 gB, g0, 2-6 gB,
UL128, 2-7 gB, UL130, 2-8 gB, UL131a, 2-9 gB, ULS83,
2-10gM, gN, 2-11 gM, gH, 2-12 gM, gL, 2-13 gM, g0, 2-14
gM, UL128, 2-15 gM, UL130, 2-16 gM, UL131a, 2-17 gM,
ULS83, 2-18 gN, gH, 2-19 gN, gL, 2-20 gN, gO, 2-21 gN,
UL128, 2-22 gN, UL 130, 2-23 gN, UL131a, 2-24 gN, UL83
2-25 gH, gL, 2-26 gH, gO, 2-27 gH, UL128, 2-28 gH,
UL130, 2-29 gH, UL131a, 2-30 gH, UL83 2-31 gl gO,
2-32 gl, UL128, 2-33 g, UL130, 2-34 gL, UL131a, 2-35
gl, UL83 2-36 gO, UL128, 2-37 gO, UL130, 2-38 2O,
UL131a, 2-39 gO, UL83 2-40 UL128, UL130, 2-41 UL128,
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UL131a, 2-42 UL128, UL83 2-43 UL130, UL131a, 2-44
UL130, ULS83, and 2-45 UL131a, UL83. In some embodi-
ments, these vaccines comprise one or more of the coding
sequences encoding each of gB, gM, gN, gH. gl., gO,
UL128, UL130, UL131a that have sequences selected from
the group consisting of SEQ ID NO:2, 4, 6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48,
50,52, 54, 56, 58 and 60. In some embodiments, one or more
of the coding sequences is selected from the group consist-
ing of SEQ ID NO:1, 3, 5,7, 9, 11, 13, 15, 17, 19, 21, 23,
25,27, 29,31, 33,35,37,39, 41, 43, 45, 47, 49, 51, 53, 55,
57 and 59. In some embodiments, one or more of the coding
sequences in a vaccine is selected from the group consisting
of SEQ ID NO:1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25,
27,29, 31, 33,35, 37,39, 41, 43, 45, 47, 49, 51, 53, 55, 57
and 59.

Example 11

In some embodiments, a composition comprising coding
sequence for one of: gB, gM, gN, gH, g, gO, UL128,
UL130, UL131a, and UL83 is administered. The following
combinations 1-1 to 1-10 may be present in a one antigen
vaccine: 1-1 gB, 1-2 gM, 1-3 gN, 1-4 gH, 1-5 gL, 1-6 gO,
1-7UL128, 1-8 UL130, 1-9 UL131a and 1-10 U83. In some
embodiments, these vaccines comprise one of the coding
sequences encoding gB, gM, gN, gH, gl., gO, UL128,
UL130, UL131a that has a sequences selected from the
group consisting of SEQ ID NO:2, 4, 6, 8,10, 12, 14, 16, 18,
20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50,
52, 54, 56, 58 and 60. In some embodiments, the coding
sequence is selected from the group consisting of SEQ ID
NO:1, 3, 5,7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31,
33, 35,37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57 and 59. In
some embodiments, the coding sequences in a vaccine is
selected from the group consisting of SEQ ID NO:1, 3, 5, 7,
9,11, 13,15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53, 55, 57 and 59.

Example 12

In some embodiments, vaccines comprise coding
sequences encoding coding sequences for one, two, three,
four, five, six, seven, eight, nine or ten antigens selected
from the group consisting of each of gB, gM, gN, gH, gl.,
g0, UL128, UL130, UL131a. In some embodiments, vac-
cines comprise coding sequences encoding coding
sequences for one, two, three, four, five, six, seven, eight,
nine or ten antigens selected from the group consisting of
each of gB, gM, gN, gH, gl., gO, UL128, UL130, UL131a
wherein one or more of said sequences is selected from the
group consisting of SEQ ID NO:2, 4, 6, 8,10, 12, 14, 16, 18,
20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50,
52, 54, 56, 58 and 60. In some embodiments, vaccines
comprise coding sequences encoding coding sequences for
one, two, three, four, five, six, seven, eight, nine or ten
antigens selected from the group consisting of each of gB,
gM, gN, gH, gl., gO, UL128, UL130, UL131a wherein two
or more of said sequences is selected from the group
consisting of SEQ ID NO:2, 4, 6, 8, 10, 12, 14, 16, 18, 20,
22,24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52,
54, 56, 58 and 60. In some embodiments, vaccines comprise
coding sequences encoding coding sequences for one, two,
three, four, five, six, seven, eight, nine or ten antigens
selected from the group consisting of each of gB, gM, gN,
gH, gl., g0, UL128, UL130, UL131a wherein three or more
of said sequences is selected from the group consisting of
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SEQIDNO:2, 4,6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28,
30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58 and
60. In some embodiments, vaccines comprise coding
sequences encoding coding sequences for one, two, three,
four, five, six, seven, eight, nine or ten antigens selected
from the group consisting of each of gB, gM, gN, gH, gl.,
g0, UL128, UL130, UL131a wherein four or more of said
sequences is selected from the group consisting of SEQ ID
NO:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32,
34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58 and 60. In
some embodiments, vaccines comprise coding sequences
encoding coding sequences for one, two, three, four, five,
six, seven, eight, nine or ten antigens selected from the
group consisting of each of gB, gM, gN, gH, gl, gO, UL 128,
UL130, UL131a wherein five or more of said sequences is
selected from the group consisting of SEQ ID NO:2, 4, 6, 8,
10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40,
42, 44, 46, 48, 50, 52, 54, 56, 58 and 60. In some embodi-
ments, vaccines comprise coding sequences encoding cod-
ing sequences for one, two, three, four, five, six, seven,
eight, nine or ten antigens selected from the group consisting
of'each of gB, gM, gN, gH, gl., g0, UL128, UL.130, UL131a
wherein six or more of said sequences is selected from the
group consisting of SEQ ID NO:2, 4, 6, 8,10, 12, 14, 16, 18,
20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50,
52, 54, 56, 58 and 60. In some embodiments, vaccines
comprise coding sequences encoding coding sequences for
one, two, three, four, five, six, seven, eight, nine or ten
antigens selected from the group consisting of each of gB,
gM, gN, gH, gl., gO, UL128, UL130, UL131a wherein
seven or more of said sequences is selected from the group
consisting of SEQ ID NO:2, 4, 6, 8, 10, 12, 14, 16, 18, 20,
22,24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52,
54, 56, 58 and 60. In some embodiments, vaccines comprise
coding sequences encoding coding sequences for one, two,
three, four, five, six, seven, eight, nine or ten antigens
selected from the group consisting of each of gB, gM, gN,
gH, gl., 2O, UL128, UL130, UL131a wherein eight or more
of said sequences is selected from the group consisting of
SEQIDNO:2, 4,6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28,
30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58 and
60. In some embodiments, vaccines comprise coding
sequences encoding coding sequences for one, two, three,
four, five, six, seven, eight, nine or ten antigens selected
from the group consisting of each of gB, gM, gN, gH, gl.,
g0, UL128, UL130, UL131a wherein nine or more of said
sequences is selected from the group consisting of SEQ ID
NO:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32,
34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58 and 60. In
some embodiments, vaccines comprise coding sequences
encoding coding sequences for one, two, three, four, five,
six, seven, eight, nine or ten antigens selected from the
group consisting of each of gB, gM, gN, gH, gl, gO, UL 128,
UL130, UL131a wherein ten or more of said sequences is
selected from the group consisting of SEQ ID NO:2, 4, 6, 8,
10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40,
42, 44, 46, 48, 50, 52, 54, 56, 58 and 60.

Example 13

HCMYV Antigen Expression

Following construction, protein expression was con-
firmed by immunoblotting. 293T cells were transfected with
each plasmid or empty pVAX vector (negative control) and
samples were harvested 48 h later and analyzed by Western
immunoblotting (photo not shown). The presence of a ~66
kDa protein was detected in the cell lysates of pHCMV-NP-
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transfected 2937 cells using anti-HA tag Abs (data not
shown) and NP-specific polyclonal serum (data not shown),
while control pVAX empty vector-transfected lysates were
negative for Ag expression. Samples were normalized for
total protein by Bradford protein assay and contained
equivalent amounts of globular tubulin protein. Further-
more, pHCMV-NP-transfected 293T cells were reactive
with serum from HCMV immune and pHCMV-NP immu-
nized mice (n=5), but not from pVAX immunized (n=5)
animals (data not shown); hyper-immune serum pooled from
mice immunized five times with pHCMV-NP reacted with
16.6% of pHCMV-NP-transfected cells on average as com-
pared with 8.1% from HCMV immune animals and 0.7%
from pVAX-transfected mice (data not shown). Non-specific
binding was not detected as the positive sera did not react
with pVAX-transfected 293T cells. Furthermore, Western
immunoblotting confirmed host-cell proteolytic cleavage of
the three fusion proteins segregated by Turin cleavage sites
into independent Ags gM, gN, gH, gl., UL128, U130, and
ULI31A.

Western Blot Analysis

Expression of the plasmid DNA-encoded vaccine proteins
was verified by Western immunoblotting. 2937 cells (1x10°
cells) were transfected using the Fugene transfection method
(Roche, Indianapolis, Ind.). Forty-eight hours post-transfec-
tion, proteins were isolated using cell lysis buffer, fraction-
ated on SDS-PAGE (12%), and transferred to nitrocellulose
using iBlot Dry Blotting System (Invitrogen, CA, USA)
Immunodetection was performed using SNAP i.d. Protein
Detection System (Millipore, Mass., USA) with specific
mouse antiserum (pooled from individual groups of mice
immunized 4-6 times using the respective plasmid DNA
construct) and the expressed proteins were visualized with
horseradish peroxidase-conjugated goat anti-mouse IgG
using an ECL detection system (Amersham Pharmacia Bio-
tech, Piscataway, N.J.).

Altogether, transfection of 293T cells using the each of
the plasmid DNA constructs was sufficient for the produc-
tion of the consensus immunogens in vitro that was specifi-
cally reactive with Abs generated from repeat immunization
of mice.

Epitope Mapping

Data was generated to identify immunodominant epitopes
of HCMV-gB using splenocytes from animal vaccinated
with plasmid 1 and a series of overlapping peptides of
HCMV-gB. ELISpot data is shown in FIG. 10.

Data was generated to identify immunodominant epitopes
of HCMV-gH and HCMV-gL. using splenocytes from animal
vaccinated with plasmid 3 and a series of overlapping
peptides of HCMV-gH and HCMV-gl.. ELISpot data is
shown in FIG. 11.

Data was generated to identify immunodominant epitopes
of HCMV-gM and HCMV-gN using splenocytes from ani-
mal vaccinated with plasmid 2 and a series of overlapping
peptides of HCMV-gM and HCMV-gN. Data was generated
to identify immunodominant epitopes of HCMV-gO using
splenocytes from animal vaccinated with plasmid 4 and a
series of overlapping peptides of HCMV-gO. ELISpot data
is shown in FIG. 12.

Data was generated to identify immunodominant epitopes
of HCMV-UL131A, HCMV-UL130 and HCMV-UL128
using splenocytes from animal vaccinated with plasmid 5
and a series of overlapping peptides of HCMV-UL131A,
HCMV-UL130 and HCMV-UL128. Data was generated to
identify immunodominant epitopes of HCMV-ULS83 using
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splenocytes from animal vaccinated with plasmid 6 and a
series of overlapping peptides of HCMV-UL83. ELTSpot
data is shown in FIG. 13.
Sec also FIG. 18a for epitope anaylsis.

Example 14

HCMYV Plasmid Immunization and Mice

Adult female C57BL/6 (H-2°) mice 6-8 weeks of age
were purchased from The Jackson Laboratory (Bar Harbor,
Me.) and were cared for in accordance with Institutional
Animal Care and Use Committee-approved protocols at the
University Pennsylvania School of Medicine Animal Facil-
ity. Mice were immunized with the indicated doses of
plasmid DNA by im. injection into the anterior tibialis
muscle followed by in vivo electroporation (EP) using the
CELLECTRA® adaptive constant current EP Minimally
Invasive Device (MID) (Inovio Pharmaceuticals, Blue Bell,
Pa.) as described previously [Khan, 2005 #727; Shedlock,
2011 #1097]. A total of four 0.1 Amp constant current
square-wave pulses were delivered as two sets of two pulses
through a triangular 3-electrode array consisting of 26-gauge
solid stainless steel electrodes. Each pulse was 52 millisec-
onds in length with a 1 second delay between the individual
pulses with three seconds between the sets of pulses.

The native, virus-derived DNA sequence of the HCMV
NP protein (‘Native’ or non-optimized) was compared with
a gene that was optimized for its host species for immuno-
genicity in the DNA vaccination of mice (FIG. 16a). Mice
(n=10) were immunized twice with 35 pg of either the
‘Native’ or ‘Optimized’ gene subcloned into a modified
mammalian DNA expression vector and delivered with EP,
and T cell immunity was assessed 8 days later. NP-specific
T cells were 2-fold greater (p=0.0001) in mice immunized
with the ‘Optimized’ construct thus demonstrating that spe-
cies-specific gene optimization can enhance DNA vaccine-
induced T cell immunity.

The contribution of in vivo EP delivery to the elicitation
of T and B cell immunity was also assessed. The ‘Opti-
mized’ version of the HCMV NP DNA vaccine was admin-
istered to mice (n=5-10/group) similarly as above, but
delivered either with or without EP, and protective efficacy
was assessed with lethal challenge (FIG. 165). While both
vaccines elicited protective efficacy when compared with the
control vector, EP delivery during DNA vaccination was
completely protective versus only 60% protection without.
These data show a significant contribution by EP delivery to
the generation of T cells that mediate protective efficacy
against lethal challenge. For evaluation of EP contribution to
the generation of B cells, animals were immunized (n=5/
group) several times and Ab production was compared 7
days after each injection with that from wild type HCMV
infection (FIG. 16¢). While animals immunized with DNA
alone yielded NP-specific Abs only after a total of 4 immu-
nizations, those that received vaccine delivered with EP
exhibited Abs after the second administration. Furthermore,
Ab responses in the EP-immunized mice surpassed those in
mice following wild type HCMV infection, which demon-
strated that EP delivery is a potent technology for enhancing
DNA vaccine-induced immunity.

DNA Vaccination Induces Robust T and B Cell Immunity

A summary of DNA vaccine data is shown in FIG. 15.
These data show that highly effective immune responses
induced by vaccines exemplified herein were observed. The
HCMV-gHgl. data show the construct as an outstanding
vaccine target with superior efficacy, providing high neu-
tralizing titers and CTL epitopes. Such a construct can be
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delivered as a DNA vaccine or used as a component of other
vaccine platforms. Similarly, the HCMV: UL131A, UL130,
and UL138 complex immunogen possesses both CTL activ-
ity as well as neutralization activity supporting its impor-
tance as a novel vaccine target. The data also shows that the
designed HCV-gMgN is established for vaccine production,
that HCMV-gO is established for protection and that the
importance of multiantigen approach is established as a
viable example.

For evaluation of plasmid DNA immunogenicity, mice
(n=4-6/group) were immunized twice with 45 pg of each
respective plasmid vaccine, two weeks between injections
and immediately followed by EP. Mice were sacked 7-8 days
following the second immunization and ELISPOT and
FACS was performed to assess T cell immunity. Immuni-
zation with the novel gHgl. vaccine resulted in the highest
level of T cell immunity (~>10,000 IFNy-producing cells per
million splenocytes) followed by pUL (~8,000 cells). More-
over, the breadth of the epitopic responses for each vaccine
was assessed and showed that DNA vaccination with a
combination of optimization strategies generated a diversity
of T cell epitopes. Altogether, these data show that all six
HCMYV DNA vaccine constructs were immunogenic in mice
following immunization in combination with in vivo EP and
yielded measurable immunogen-specific T cell responses;
and T cell immunogenicity was ranked as follows:
gHgl >pUL>UL83>gB>gMgN>gO (see FIGS. 185-d).

Serum samples were collected and pooled from each
group of mice (n=5) 7-10 days following each of five to six
immunizations (spaced two weeks apart), and then pooled
thereafter up to 1 month following the final immunization.
Furthermore, serum was collected 6 months following each
of the final immunizations (a time point considered to be
clinically relevant for long-term Ab responses) and tested
along with the pooled-effector sera for the capacity for
neutralization of infection with the AD169-EGFP virus into
life extended human foreskin fibroblast cells. Data con-
firmed a neutralization capacity for gB immunized animals
which supports previous data demonstrating its ability to
elicit nAbs and protect in some challenge models. See FIGS.
19a-b. However, immunization with the novel gHgl, DNA
vaccine generated nAb responses that were ~2-4-fold greater
than gB immunization. Interestingly, neither of these levels
of neutralization ability was achieved by any other immu-
nogen, including the gMgN, gO, UL128-131A, nor the
ULS83. However, this is not entirely unexpected for the
UL128-131A plasmid since the AD169 vector is known to
contain a sizable mutation/deletion in the 131A protein.
Lastly, neutralization levels were relatively stable for each
immunogen comparing effector and memory serum col-
lected 6 months following the final immunization. Thus,
these data demonstrate that DN A vaccination in combination
with EP generated robust B cell responses. Altogether, data
herein show that the DNA plasmids were immunogenic in
mice and generated robust T and B cell responses.

Immunity to the HCMV gB alone has been demonstrated
to completely protective in guinea pigs, but has limited
efficacy in the clinic. Thus, we next set out to determine
whether their combination with the gB DNA vaccine would
enhance HCMV-specific immunity. Mice (n=5/group) were
given several doses of the gB plasmid alone, gB+gHgl ., or
gB+gHglL+pUL, and T and B cell immunity was assessed.
Indeed, trivalent formulation of these plasmids induced the
highest level of both T and B cell responses. Thus, these data
demonstrate that vaccine-induced CMV-specific immunity
can be increased by immunization with multi-valent plasmid
DNA formulations.

10

15

20

25

30

35

40

45

50

55

60

65

68

Sero-Reactivity to gH/gl. Correlates with Virus Neutraliza-
tion

FIG. 19 shows graphs that neutralization data for: a) 50%
neutralization levels for HCMV: gB, gMgN, gHgl., gO, UL,
and ULS83, and b) 50% neutralization levels for CMV only,
seropositive serum, and HCMV-gHgl., immunized serum.
Splenocyte Isolation and ELISpot Assay

Mice were sacrificed 8 days following the final immuni-
zation with plasmid DNA and the spleens were harvested
and placed in RPMI 1640 medium (Mediatech Inc., Manas-
sas, Va.) supplemented with 10% FBS, 1xAnti-anti (Invit-
rogen), and 1xp-ME (Invitrogen). Splenocytes were isolated
by mechanical disruption of the spleen using a Stomacher
machine (Seward Laboratory Systems Inc., Bohemia, N.Y.),
and the resulting product was filtered using a 40 pum cell
strainer (BD Falcon). The cells were treated for 5 min with
ACK lysis buffer (Lonza, Switzerland) for lysis of RBCs and
then the splenocytes were washed in PBS and then resus-
pended in complete RPMI medium.

An IFNy ELISPOT assay was conducted. Briefly,
ELISPOT 96-well plates (Millipore, Billerica, Mass.) were
coated with anti-mouse IFN-y capture antibody and incu-
bated for 24 h at 4° C. (R&D Systems, Minneapolis, Minn.).
The following day, plates were washed with PBS and then
blocked for 2 h with blocking buffer (1% BSA and 5%
sucrose in PBS). One to two-hundred thousand splenocytes
per well and in triplicate from each animal were stimulated
overnight at 37° C. in 5% CO, and in the presence of RPMI
1640 (negative control), Concanavalin A (Con A; positive
control), or with individual (individual peptides overlapping
complete vaccine proteins were used for the Single Peptide
Analysis (SPA) as indicated) or pooled 15-mer peptides as
indicated (GenScript). After approximately 18-20 h of
stimulation, the cells were washed in PBS and incubated for
24 h at 4° C. with biotinylated anti-mouse IFN-y mAb (R&D
Systems, Minneapolis, Minn.). The plates were washed in
PBS, and streptavidin-alkaline phosphatase (MabTech, Swe-
den) was added to each well and incubated for 2 h at room
temperature. The plates were washed again in PBS, BCIP/
NBT Plus substrate (MabTech) was added to each well for
15-30 min, and then the plate was rinsed with distilled water
and dried at room temperature. Spots were counted with an
automated ELISPOT reader (Cellular Technology ILtd.,
Shaker Heights, Ohio).

Moreover, splenocytes from immunized mice were stimu-
lated with individual peptides (15-mers overlapping by 11
amino acids and spanning the entire lengths of their respec-
tive DNA vaccine-encoded Ags) to also assess the breadth of
the epitopic response and data are displayed in FIGS. 10-13
and FIG. 18a. To better visualize positive T-cell responses
for the identification of epitope-containing peptides,
ELISpot data from each animal were stacked in bar graph
form and expressed as the SUM of the IFNy+ response per
group. Epitope-comprising peptides were considered posi-
tive only if they stimulated at least 10 spots on average with
an 80% or higher response rate.

Immunization with any of the six HCMV DNA plasmid
vaccines were observed to stimulated a diversity of measur-
able T-cell epitopes; HCMV-gB induced X epitopes,
HCMV-gMgN-X, HCMV-gHgl-X, HCMV-gO-C, HCMV-
pUL-X, and HCMV-ULS83-X. Additionally, immunodomi-
nant epitopes were observed in all mice (#5:GP,5;, in
H-2> mice and #27:GP,,,_,,, in H-2¢ mice) and pEBOS
(#4:GP, g5, in H-2” mice and #41:GP,,, .5 in H-27 mice),
while pEBOZ stimulated them only in the H-2¢ mice
(#24:50.1 53, #3021 75150, and #66:55,_405). See FIGS. 10-13
and FIG. 18a. Moreover, data for epitope-containing pep-
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tides are further characterized in Table 1 in which predicted vaccine-induced IFNy+ responses are reported and are the
epitope sequences are displayed and T cell responses were SUM of the average responses per positively identified

confirmed and de-convoluted by flow cytometry. Total DNA epitope—see Table 1 (below)

TABLE 1
Best con. % rank (H-2%)
Plasmid CMV “ PEP ELISPOT FACS CD8+ (s0.6) CD4+ (S28)
Vaccine ag # ARH Peptide Sequence AVE +*SEM T cell Db Kb I-ab
PHCMV -gB gB 5 25-39 SSSTRGTSATHSHHS 388 140 8+ 14.6
7 37-51 HHSSHTTSAAHSRSG 37 35 4+ 18.4
26 151-165 RRSYAYTIHTTYLLGS 1,105 472 8+ 0.1 0.2 13.5
28 163-177 LGSNTEYVAPPMWEI 30 16 4+ 4.0
51 361-375 AEDSYHFSSAKMTAT 577 430 4+ 0.1 1.2
70 415-429 KYGNVSVFETTGGLV 183 89 8+ 0.4
73% 433-447 QKIKQKSLVELERLA 95 73 8+
74 439-453 SLVELERLANRSSLN 360 146 8+
80 475-489 SVHNLVYAQLQFTYD 1,045 169 8+ 0.2
88 523-537 INPSAILSAIYNKPI 53 31 4+ 20.7
89 529-543 LSAIYNKPIAARFMG 18 13 4+ 0.3 2.5
PHCMV - gH 8 43-57 LNTYGRPIRFLRENT 38 33 8+
gHgL 9 49-63 PIRFLRENTTQCTYN 26 15 4+
11 61-75 TYNSSLRNSTVVREN 776 141 8+ 0.1 24.5
12 67-81 RNSTVVRENAISFNF 72 46 8+
13 73-87 RENAISFNEFFQSYNQ 94 28 8+ 0.1 0.1
15 85-99 YNQYYVFHMPRCLFA 559 231 4+ 3.5
16 91-105 FHMPRCLFAGPLAEQ 419 199 4+ 6.9
17 97-111 LFAGPLAEQFLNQVD 261 139 4+ 25.5
20 115-129 TLERYQORLNTYALV 153 36 8+ 0.6
28 163-177 SIPHVWMPPQTTPHG 20 5 4+ 1.2
30 175-189 PHGWKESHTTSGLHR 2,942 81 8+ 25.0
42 247-261 MLLIFGHLPRVLFKA 78 58 4+ 0.6 0.3 27.6
43 253-267 HLPRVLFKAPYQRDN 24 9 4+ 26.8
50 295-309 DPDFLDAALDENYLD 331 187 8+/4+ 0.5
51+ 301-315 AALDFNYLDLSALLR 307 181 8+ 0.5 16.1
57 337-351 RTVEMAFAYALALFA 340 190 4+ 0.4 .6
58 343-357 FAYALALFAAARQEE 265 157 4+ 0.4 5.2
59 349-363 LFAAARQEEAGAEVS 27 17 8+ 12.9
82 487-501 EIFIVETGLCSLAEL 64 31 4+
90 535-549 RLTRLFPDATVPATV 81 32 8+ 6.5
97 577-591 ESFSALTVSEHVSYV 51 21 4+ 15.9
98* 583-597 TVSEHVSYVVTNQYL 10 5 8+
99 589-603 SYVVTNQYLIKGISY 17 4 8+ 0.1
110%* 655-669 LLEYDDTQGVINIMY 191 83 8+
111 661-675 TQGVINIMYMHDSDD 2,864 136 8+ 0.4
115 685-699 EVVVSSPRTHYLMLL 22 14 4+ 13.1
117 697-711 MLLKNGTVLEVTDVV 58 23 4+ 0.4
120 715-729 TDSRLLMMSVYALSA 14 4 4+
121 721-735 MMSVYALSAIIGIYL 32 16 8+ 7.4
122 727-741 LSAIIGIYLLYRMLK 13 9 8+ 0.5 0.2
gL 9 49-63 ELTRRCLLGEVFQGD 25 15 4+
11 61-75 QGDKYESWLRPLVNV 76 41 4+ 17.4
12 67-81 SWLRPLVNVTGRDGP 128 64 4+
15 85-99 LIRYRPVTPEAANSV 483 220 4+ 0.1
17 97-111 NSVLLDEAFLDTLAL 16 11 4+
19 109-123 LALLYNNPDQLRALL 186 87 4+ 19.8
45 265-279 PAHSRYGPQAVDAR 41 24 4+ 14.2
PHCMV - UL83 14 79-93 HTYFTGSEVENVSVN 130 74 4+ 11.4
UL83 16 91-105 SVNVHNPTGRSICPS 106 46 8+/4+
17 97-111 PTGRSICPSQEPMSI 161 127 8+ 0.6
18* 103-117 CPSQEPMSIYVYALP 39 28 8+ 0.3
19 109-123 MSIYVYALPLKMLNI 427 196 4+ 0.3 0.1 0.4
21 121-135 LNIPSINVHHYPSAA 192 132 4+ 16.9
22 127-141 NVHHYPSAAERKHRH 277 178 4+ 15.2
29 169-183 TRQONQWKEPDVYYT 192 115 4+
30 175-189 WKEPDVYYTSAFVFP 216 117 4+ 0.6 23.1
31 181-195 YYTEAFVFPTKDVAL 338 161 8+/4+ 0.6 0.5 4.8
38 223-237 YVKVYLESFCEDVPS 87 50 4+
39 229-243 ESFCEDVPSGKLFMH 117 62 4+
43 253-267 DLTMTRNPQPEMRPH 994 468 8+ 0.5
44* 259-273 NPQPFMRPHERNGFT 190 177 8+
45 265-279 RPHERNGFTVLCPKN 150 97 8+
51 301-315 HFGLLCFKSIPGLSI 45 22 4+ 27.0

55 325-339 QIFLEVQAIRETVEL 34 8 4+
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TABLE 1-continued

o

Best con. % rank (H—2b)

Plasmid CMV “ PEP ELISPOT FACS CD8+ (s0.6) CD4+ (S28)
Vaccine ag # AR# Peptide Sequence AVE +*SEM T cell Db Kb I-ab
PHCMV - UL128 7 37-51 NHPPERCYDFKMCNR 172 107 8+
UL 8% 43-57 CYDFKMCNRFTVALR 12 5 8+ 0.1
13 73-87 IRGIVTTMTHSLTRQ 350 199 8+
16 91-105 NKLTSCNYNPLYLEA 1,650 230 8+ 0.2 0.2
17+ 97-111 NYNPLYLEADGRIRC 454 58 8+
18 103-117 LEADGRIRCGKVNDK 443 163 8+
19 109-123 IRCGKVNDKAQYLLG 303 133 8+
20 115-129 NDKAQYLLGAAGSVP 100 52 4+ 9.7
21* 121-135 LLGAAGSVPYRWINL 731 208 8+ 0.2 24 .4
22 127-141 SVPYRWINLEYDKIT 739 202 8+ 0.2
23%* 133-147 INLEYDKITRIVGLD 65 36 8+
24 139-153 KITRIVGLDQYLESV 89 50 8+
25 145-159 GLDQYLESVKKHKRL 56 32 8+
26 151-165 ESVKKHKRLDVCRAK 11 4 8+
28 163-171 RAKMGYMLQ 498 206 8+
UL130 3 13-27 LLLCAVWATPCLASP 332 146 8+/4+ 4.6
4 19-33 WATPCLASPWSTLTA 104 33 8+/4+ 22.9
8 43-57 KLTYSKPHDAATFYC 465 169 8+/4+ 15.1
9% 49-63 PHDAATFYCPFLYPS 237 185 8+/4+ 0.2
10 55-69 FYCPFLYPSPPRSPL 222 179 8+/4+ 0.6 0.6
UL131A 5 25-39 AEKNDYYRVPHYWDA 61 34 4+
6 31-45 YRVPHYWDACSRALP 223 130 4+ 16.2
11 61-75 LNYHYDASHGLDNFD 429 220 4+ 12.1
20 115-129 PHARSLEFSVRLEFAN 255 145 8+ 0.6
PHCMV - gM 4 19-33 VFMVLTEFVNYSVHLV 153 39 8+ 0.2 22.2
gMgN 6 31-46 HLVLSNFPHLGYPCV 31 7 8+ 0.5 0.4 21.7
13 73-87 DSVQLVCYAVFMQLV 22 8 8+
17 97-111 VCWIKISMRKDKGMS 23 11 8+ 0.3
18* 103-117 SMRKDKGMSLNQSTR 15 3 8+
26%* 151-165 GMIAFMAAVHFFCLT 14 4 8+ 0.3 26.2
27 157-171 AAVHFFCLTIFNVSM 21 10 8+ 0.1
30 175-189 YRSYKRSLEFFFSRLH 258 93 8+ 0.1 0.1
31* 181-196 SLEFFFSRLHPKLKGT 57 8 8+ 0.1 0.1 24 .4
33 193-207 KGTVQFRTLIVLNLE 14 8 4+ 0.3 17.7
34 199-213 RTLIVNLVEVALGFN 28 12 8+ 0.4
39 229-243 FFVRTFHMVLAVEVV 32 15 8+
49 289-303 TFLSNEYRTFISWSF 83 38 8+/4+
50 295-309 YRTGISWSFGMLFFI 627 441 8+ 0.1 0.1
gN 1 1-15 MEWNTLVLGLLVLSV 472 343 8+
4 19-33 SNNTSTASTPSPSSS 33 11 4+ 2.7
5 25-30 ASTPSPSSSTHTSTT 67 36 4+ 16.0
12 67-81 STTHDPNVMRPHAHN 46 14 4+ 25.0
13 73-87 NVMRPHAHNDFYKAH 182 48 4+
21 121-135 RHCCFQNFTATTTKG 24 10 8+ 8.6
PHCMV - go 5 25-39 LLSLINCNVLVNSKG 65 47 8+ 0.1
go 48 283-297 PYLSYTTSTAFNVTT 101 65 4+ 2.4
51 301-315 YSATAAVTRVATSTT 43 8 4+ 12.9
55 325-339 KSIMATQLRDLATWV 14 10 8+
56 331-345 QLRDLATWVYTTLRY 784 317 8+ 0.2
57% 337-351 TWVYTTLRYRNEPFC 394 156 8+

¢ Epitope-containing peptides were identified by IFNy ELISPOT (210 spots AND = 80% response rate)
All peptides identified by ELISPOT were confirmed by FACS (23-5 X 10* D3+ cells were acquired)

Responding T cells for each epitope-containing peptide were characterized by FACS (expression of CD4 and/or CD8 by
CD3+/CD44+/IFNy+ cells).

Predicted CD8+ epitopes are underlined (best consensus % rank by IEDB) Contigious peptide with shared and/or partial epitope
as confirmed by ELISPOT (*)

No H-2b epitopes reported herein have been described (IEBS 70% BLAST)

Regarding fragment of HCMV antigens, preferably the HCMV-gH: amino acid region 61-75 (peptide #11);
fragments will have the following domains for each of the 60 amino acid region 85-99 (peptide #15); amino acid region
following HCMV antigens: 91-105 (peptide #15); amino acid region 175-189 (peptide

#30); amino acid region 661-675 (peptide #111);

HCMV-gB: amino acid region 25-39 (peptide #5); amino HCMV-gl: amino acid region 85-99 (peptide #15);

acid region 151-165 (peptide #26); amino acid region 151- HCMV-ULS83: amino acid region 109-123 (peptide #19);
165 (peptide #26); amino acid region 361-375 (peptide 65 amino acid region 253-267 (peptide #43);
#5=61); amino acid region 439-453 (peptide #74); and/or HCMV-UL128: amino acid region 91-105 (peptide #16);

amino acid region 475-489 (peptide #80); amino acid region 97-111 (peptide #17); amino acid region
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103-117 (peptide #18); amino acid region 121-135 (peptide
#21); amino acid region 127-141 (peptide #22); amino acid
region 163-171 (peptide #28);

HCMV-UL130: amino acid region 13-27 (peptide #3);
amino acid region 43-57 (peptide #8);

HCMV-ULI131A: amino acid region 61-75 (peptide #11);

HCMV-gM: amino acid region 175-189 (peptide #30);
amino acid region 295-309 (peptide #50);

HCMV-gN: amino acid region 1-15 (peptide #1); and

HCMV-gO: amino acid region 331-345 (peptide #56);
amino acid region 337-351 (peptide #57).

ELISA

To determine sera Ab titers against HCMV gB, gH or gL,
Nunc-Immuno MaxiSorp plates (Nunc, Rochester, N.Y.)
were coated overnight at 4° C. with recombinant protein
(GenScript) at the indicated amounts or BSA (control)
diluted in PBS. The next day, plates were washed with PBS,
0.05% Tween 20 (PBS-T), blocked for 1 h with 10%
BSA/PBS-T, and incubated overnight at 4° C. with serial
dilutions of serum from either human patients or immunized
animals. Plates were then washed six times and bound IgG
was detected using either goat anti-human IgG (Southern
Biotech) or goat-anti mouse 1gG (Santa Cruz, Santa Cruz,
Calif.), both at a dilution of 1:5,000. Bound enzyme was
detected by SigmaFAST™ O-phenylenediamine dihydro-
chloride (OPD; Sigma-Aldrich), and the optical density was
determined at 450 nm on a Biotek (Winooski, Vt.) EL312e
reader. The reciprocal endpoint titer was reported as the 10%
of maximum OD calculated by curve fitting using the
sigmoidal dose-response model with a variable slope in
GraphPad Prism (GraphPad Software Inc., La Jolla, Calif.).
Neutralization Assay

Serum samples were collected and pooled from each
group of mice (n=5) 7-10 days following each of five to six
immunizations (spaced two weeks apart), and then pooled
thereafter up to 1 month following the final immunization.
Furthermore, serum was collected 6 months following each
of the final immunizations (a time point considered to be
clinically relevant for long-term Ab responses) and tested
along with the pooled-effector sera for the capacity for
neutralization of infection with the relevant. Data confirmed
a neutralization capacity for gB immunized animals which
supports previous data demonstrating its ability to elicit
nAbs and protect in some challenge models. However,
immunization with the novel gHgl, DNA vaccine generated
nAb responses that were ~2-4-fold greater than gB immu-
nization. Neutralizing antibody titers were measured using
mouse serum from mice immunized with HCMV proteins
and life-extended HFF (human foreskin fibroblasts) cells.
The data is expressed as a geometric mean of 3 values with
95% CI. The data are shown in FIG. 14.

Interestingly, neither of these levels of neutralization
ability was achieved by any other immunogen, including the
gMgN, 2O, UL128-131A, nor the ULS83. Lastly, neutraliza-
tion levels were relatively stable for each immunogen com-
paring effector and memory serum collected 6 months
following the final immunization. Thus, these data demon-
strate that DNA vaccination in combination with EP gener-
ated robust B cell responses. Altogether, data herein show
that the DNA plasmids were immunogenic in mice and
generated robust T and B cell responses.

Immunity to the HCMV gB alone has been demonstrated
to completely protective in guinea pigs, but has limited
efficacy in the clinic. Thus, we next set out to determine
whether their combination with the gB DNA vaccine would
enhance HCMV-specific immunity. Mice (n=5/group) were
given several doses of the gB plasmid alone, gB+gHgl ., or
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gB+gHgl+pUL, and T and B cell immunity was assessed.
Indeed, trivalent formulation of these plasmids induced the
highest level of both T and B cell responses. Thus, these data
demonstrate that vaccine-induced CMV-specific immunity
can be increased by immunization with multi-valent plasmid
DNA formulations.

Example 15 a) HSV1 Antigen and Expression in
293T Cells

Using the same strategy as provided in Example 1, above,
and the above example related to HCMV, HSV1 antigens
were selected and nucleic acid constructs were made. HSV1
antigens selected based on the foregoing are: gB, gH, gl,
gC, and gD. Furthermore, combinations as discussed herein
were made, including HSV1-gHgl, and HSV1-gCgD.

HSV1 gB, gC, and gD were found to be expressed on the
surface of transfected cells, showing effective translation,
translocation, presentation by cell; moreover, the combined
antigens gCgD were found to co-express (data not shown).
This was evidenced by MHC class I binding with the
aforementioned antigens in serum (1:200 dilution) of ani-
mals immunized with the antigens, versus no antigen bind-
ing with serum from control (vector only).

Immuization with the same plasmids, above, was found to
induce robust antibodies in vivo (data not shown).

b) HSV2 Antigen Expression in 293T Cells

Using the same strategy as provided in Example 1, above,
and the above example related to HCMV, HSV2 antigens
were selected and nucleic acid constructs were made. HSV2
antigens selected based on the foregoing are: gB, gH, gl,
gC, and gD. Furthermore, combinations as discussed herein
were made, including HSV2-gHgl, and HSV2-gCgD.

HSV2 gB, gC, gD, gH and gl were found to be expressed
on the surface of transfected cells, showing effective trans-
lation, translocation, presentation by cell; moreover, the
combined antigens gCgD and gHgl. were found to co-
express (data not shown). This was evidenced by MHC class
1 binding with the aforementioned antigens in serum (1:200
dilution) of animals immunized with the antigens, versus no
antigen binding with serum from control (vector only).

¢) CeHV1 Antigen Expression in 293T Cells

Using the same strategy as provided in Example 1, above,
and the above example related to HCMV, CeHV1 antigens
were selected and nucleic acid constructs were made.
CeHV1 antigens selected based on the foregoing are: gB,
gH, gl, gC, and gD. Furthermore, combinations as dis-
cussed herein were made, including CeHV1-gHgl. and
CeHV1-gCgD.

CeHV1 gB, gC, and gD were found to be expressed on the
surface of transfected cells, showing effective translation,
translocation, presentation by cell; moreover, the combined
antigens gCgD were found to co-express (data not shown).
This was evidenced by MHC class I binding with the
aforementioned antigens in serum (1:200 dilution) of ani-
mals immunized with the antigens, versus no antigen bind-
ing with serum from control (vector only).

Immuization with the same plasmids, above, was found to
induce robust antibodies in vivo (data not shown).

d) VZV Antigen Expression in 293T Cells

Using the same strategy as provided in Example 1, above,
and the above example related to HCMV, VZV antigens
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were selected and nucleic acid constructs were made. VZV
antigens selected based on the foregoing are: gB, gH, gl,
gC, gK, gM, gN, gE, and gl. Furthermore, combinations as
discussed herein were made, including VZV-gHgl., VZV-
gM,gN, and VZV-gEgl.

VZV gB, gH, g, gC, gK, gM, gN, gE. and gl will be
analyzed, as above, for expression on the surface of trans-
fected cells, including combined antigens gHgl,, gM,gN,
and gEgl. This will evidenced by MHC class T binding with
the aforementioned antigens in serum (1:200 dilution) of
animals immunized with the antigens, versus no antigen
binding being detected with serum from control (vector
only).

Immuization with the same plasmids, above, will likely
find induction of robust antibodies in vivo (data not shown).

Example 16 Neutralizing Antibody Data

Immunization with either of the plasmids alone exhibited
neutralizing activity using Vero cells: for HSV1 either
HSV1-gB or HSV1-gCgD, and for HSV2, either HSV2-gB
or HSV2-gCgD. The HSV1 plasmids neutralized an HSV1
clinical virus HSV-1 strain NS, and the HSV2 plasmids
neutralized an HSV2 clinical virus HSV2 strain MS. See
FIGS. 20a and 2056. A combination of multiple herpes virus
family-specific plasmids, further multi-valency will likely
further increase the level of neutralization of such herpes
virus.

Example 17 HSV1

Permutations of the five listed HSV1 antigens in combi-
nations of 2, 3 4 and 5 may include the following. Two
antigens: HSV1-gB, HSV1-gH; HSV1-gB, HSVl-gl;
HSV1-gB, HSV1-gC; HSV1-gB, HSV1-gD; HSV1-gH,
HSV1-gl; HSV1-gH, HSV1-gC; HSV1-gH, HSV1-gD;
HSV1-gl., HSV1-gC; and HSV1-gl,, HSV1-gD. Three anti-
gens: HSV1-gB, HSV1-gH, HSV1-gl; HSV1-gB, HSV1-
gH, HSV1-gC; HSV1-gB, HSV1-gH, HSV1-gD; HSV1-gB,
HSVI1-gl, HSV1-gC; HSV1-gB, HSV1-gl,, HSV1-gD;
HSV1-gB, HSV1-gC, HSV1-gD; HSV1-gH, HSV1-gL,
HSV1-gC; HSV1-gH, HSV1-gl, HSV1-gD; and HSV1-gL,
HSV1-gC, HSV1-gD. Four antigens: HSV1-gB, HSV1-gH,
HSVI1-gl, HSV1-gC; HSVI1-gB, HSV1-gH, HSV1-gL,
HSV1-gD; HSVI1-gB, HSV1-gl,, HSV1-gC, HSV1-gD;
HSV1-gH, HSV1-gl, HSV1-gC, HSV1-gD; and HSV1-gB,
HSV1-gH, HSV1-gC, HSV1-gD. Five antigens: HSV1-gB,
HSV1-gH, HSV1-gl, HSV1-gC, HSV1-gD.

The permutations may be present on multiple plasmids.
Examples of two antigens on one plasmid include: HSV1-
g¢B, HSV1-gH; HSV1-gB, HSV1-gl; HSV1-gB, HSV1-gC;
HSV1-gB, HSV1-gD; HSV1-gH, HSVI1-gl; HSV1-gH,
HSV1-gC; HSV1-gH, HSV1-gD; HSV1-gl., HSV1-gC,
HSV1-gl., HSV1-gD. Examples of two antigens on two
plasmids include: HSV1-gB, and HSV1-gH; HSV1-gB, and
HSV1-gl; HSV1-gB, and HSV1-gC; HSV1-gB, and HSV1-
gD; HSV1-gH, and HSV1-gl; HSV1-gH, and HSV1-gC;
HSV1-gH, and HSV1-gD; HSV1-gl,, and HSV1-gC; and
HSV1-gl,, and HSV1-gD. Examples of three antigens on
one plasmid include: HSV1-gB, HSV1-gH, HSVI1-gl;
HSV1-gB, HSVI1-gH, HSV1-gC; HSV1-gB, HSV1-gH,
HSV1-gD; HSV1-gB, HSV1-gl., HSV1-gC; HSV1-gB,
HSVI1-gl, HSV1-gD; HSV1-gB, HSV1-gC, HSV1-gD;
HSV1-gH, HSVI1-gl, HSVI1-gC; HSVI1-gH, HSV1-gL,
HSV1-gD; HSV1-gl., HSV1-gC, HSV1-gD. Examples of
three antigens on two plasmids include: HSV1-gB, HSV1-
gH, and HSV1-gl,; HSV1-gB, HSV1-gH, and HSV1-gC;
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HSV1-gB, HSV1-gH, and HSV1-gD; HSV1-gB, HSV1-gL,
and HSV1-gC; HSV1-gB, HSV1-gL, and HSV1-gD; HSV1-
gB, HSV1-gC, and HSV1-gD; HSV1-gH, HSV1-gl., and
HSV1-gC; HSV1-gH, HSV1-gl, and HSV1-gD; HSV1-gL,
HSV1-gC, and HSV1-gD; HSV1-gB, HSV1-gl, and HSV1-
gH; HSVI1-gB, HSV1-gC, and HSV1-gH; HSV1-gB,
HSV1-gD, and HSVI1-gH; HSV1-gB, HSV1-gC, and
HSV1-gl; HSV1-gB, HSV1-gD, and HSV1-gl; HSV1-gB,
HSV1-gD, and HSV1-gC; HSV1-gH, HSV1-gC, and
HSV1-gl; HSV1-gH, HSV1-gD, and HSV1-gL; HSV1-gL,
HSV1-gD, and HSV1-gC; HSV1-gH, HSVI1-gl,, and HSV1-
gB; HSVI1-gH, HSV1-gC, and HSV1-gB; HSVI1-gH,
HSV1-gD, and HSV1-gB; HSV1-gl., HSV1-gC, and HSV1-
gB; HSV1-gl, HSV1-gD, and HSV1-gB; HSV1-gC, HSV1-
gD, and HSV1-gB; HSV1-gl,, HSV1-gC, and HSV1-gH;
HSV1-glL, HSV1-gD, and HSV1-gH; HSV1-gC, HSV1-gD,
and HSV1-gl.. Examples of three antigens on three plasmids
include: HSV1-gB, and HSV1-gH, and HSV1-gl; HSV1-
gB, and HSV1-gH, and HSV1-gC; HSV1-gB, and HSV1-
gH, and HSV1-gD; HSV1-gB, and HSV1-gl,, and HSV1-
gC; HSV1-gB, and HSV1-gl,, and HSV1-gD; HSV1-gB,
and HSV1-gC, and HSV1-gD; HSV1-gH, and HSV1-gl,
and HSV1-gC; HSV1-gH, and HSV1-gl,, and HSV1-gD;
HSV1-gl,, and HSV1-gC, and HSV1-gD. Examples of four
antigens on one plasmid include: HSV1-gB, HSVI1-gH,
HSVI1-gl, HSV1-gC; HSVI1-gB, HSV1-gH, HSV1-gL,
HSV1-gD; HSVI1-gB, HSV1-gl,, HSV1-gC, HSV1-gD;
HSVI1-gH, HSV1-gl, HSV1-gC, HSVI1-gD; HSV1-gB,
HSV1-gH, HSV1-gC, HSV1-gD. Examples of four antigens
on two plasmids include: HSV1-gB, and HSV1-gH, HSV1-
gl, HSV1-gC; HSV1-gB, and HSV1-gH, HSV1-gl, HSV1-
gD; HSV1-gB, and HSV1-gl, HSV1-gC, HSV1-gD; HSV1-
gH, and HSV1-gl., HSV1-gC, HSV1-gD; HSV1-gB, and
HSV1-gH, HSV1-gC, HSV1-gD; HSV1-gB, HSV1-gH, and
HSV1-gl, HSV1-gC; HSV1-gB, HSV1-gH, and HSV1-gL,
HSV1-gD; HSV1-gB, HSV1-gl, and HSV1-gC, HSV1-gD;
HSV1-gH, HSV1-gl, and HSV1-gC, HSV1-gD; HSV1-gB,
HSV1-gH, and HSV1-gC, HSV1-gD; HSV1-gB, HSV1-gH,
HSVI1-gL, and HSV1-gC; HSV1-gB, HSV1-gH, HSV1-gL,
and HSV1-gD; HSV1-gB, HSV1-gl., HSV1-gC, and HSV1-
gD; HSVI1-gH, HSV1-gl., HSV1-gC, and HSV1-gD;
HSV1-gB, HSV1-gH, HSV1-gC, and HSV1-gD; HSV1-gH,
and HSV1-gB, HSV1-gl, HSV1-gC; HSV1-gH, and HSV1-
gB, HSVI1-gl, HSV1-gD; HSV1-gL, and HSV1-gB, HSV1-
gC, HSV1-gD; HSV1-gl,, and HSV1-gH, HSV1-gC, HSV1-
gD; HSV1-gH, and HSVI1-gB, HSV1-gC, HSV1-gD;
HSV1-gH, HSV1-gB, HSV1-gl, and HSV1-gC; HSV1-gH,
HSV1-gB, HSV1-gl, and HSV1-gD; HSV1-gL, HSV1-gB,
HSV1-gC, and HSV1-gD; HSV1-gL, HSV1-gH, HSV1-gC,
and HSV1-gD; HSVI1-gH, HSV1-gB, HSV1-gC, and
HSV1-gD; HSV1-gl, and HSV1-gB, HSV1-gH, HSV1-gC;
HSV1-gl, and HSV1-gB, HSV1-gH, HSV1-gD; HSV1-gC,
and HSV1-gB, HSV1-gl, HSV1-gD; HSV1-gC, and HSV1-
gH, HSV1-gl, HSV1-gD; HSV1-gC, and HSV1-gB, HSV1-
gH, HSV1-gD; HSV1-gl,, HSV1-gB, and HSV1-gH,
HSV1-gC; HSV1-gl, HSV1-gB, and HSV1-gH, HSV1-gD;
HSV1-gC, HSV1-gB, and HSV1-gL, HSV1-gD; HSV1-gC,
HSV1-gH, and HSV1-gL, HSV1-gD; HSV1-gC, HSV1-gB,
and HSV1-gH, HSV1-gD; Examples of four antigens on
three plasmids include: HSV1-gB, and HSV1-gH, and
HSV1-gl, HSV1-gC; HSV1-gB, and HSV1-gH, and HSV1-
gl, HSV1-gD; HSV1-gB, and HSV1-gl,, and HSV1-gC,
HSV1-gD; HSV1-gH, and HSV1-gl, and HSV1-gC, HSV1-
gD; HSV1-gB, and HSV1-gH, and HSV1-gC, HSV1-gD;
HSV1-gB, and HSV1-gH, HSV1-gL, and HSV1-gC, HSV1-
gB, and HSV1-gH, HSV1-gl,, and HSV1-gD, HSV1-gB,
and HSV1-gl., HSV1-gC, and HSV1-gD; HSV1-gH, and
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HSV1-gL, HSV1-gC, and HSV1-gD, HSV1-gB, and HSV1-
gH, HSV1-gC, and HSVI1-gD, HSV1-gB HSV1-gC, and
HSV1-gH, and HSV1-gL; HSV1-gB, HSV1-gD, and HSV1-
gH, and HSV1-gl; HSV1-gB HSV1-gD, and HSV1-gL,, and
HSV1-gC; HSV1-gH HSV1-gD, and HSV1-gL, and HSV1-
gC; HSV1-gB HSV1-gD, and HSV1-gH, and HSV1-gC.
Examples of four antigens on four plasmids include: HSV1-
gB, HSV1-gH, HSV1-gl.,, HSV1-gC. Examples of four
antigens on five plasmids include: HSV1-gB, HSV1-gH,
HSV1-gl., HSV1-gC, HSV1-gD. Experiments detecting
localization and intracellular antigen transport showed that
as in the case of HCMYV, the co-expression of gH and gl in
a cell resulted in a transport to the cell surface which does
not occur when either protein is expressed in the absence of
the other.

Example 18 HSV2

Permutations of the five listed HSV2 antigens in combi-
nations of 2, 3 4 and 5 may include the following. Two
antigens: HSV2-gB, HSV2-gH; HSV2-gB, HSV2-gl;
HSV2-gB, HSV2-gC; HSV2-gB, HSV2-gD; HSV2-gH,
HSV2-gl; HSV2-gH, HSV2-gC; HSV2-gH, HSV2-gD;
HSV2-gl., HSV2-gC; and HSV2-gl,, HSV2-gD. Three anti-
gens: HSV2-gB, HSV2-gH, HSV2-gl; HSV2-gB, HSV2-
gH, HSV2-gC; HSV2-gB, HSV2-gH, HSV2-gD; HSV2-gB,
HSV2-gl., HSV2-gC; HSV2-gB, HSV2-gl., HSV2-gD;
HSV2-gB, HSV2-¢gC, HSV2-gD; HSV2-gH, HSV2-gL,
HSV2-gC; HSV2-gH, HSV2-gl,, HSV2-gD; and HSV2-gL,
HSV2-gC, HSV2-gD. Four antigens: HSV2-gB, HSV2-gH,
HSV2-gl., HSV2-gC; HSV2-gB, HSV2-gH, HSV2-gl,
HSV2-gD; HSV2-gB, HSV2-gl., HSV2-gC, HSV2-gD;
HSV2-gH, HSV2-gl, HSV2-gC, HSV2-gD; and HSV2-gB,
HSV2-gH, HSV2-gC, HSV2-gD. Five antigens: HSV2-gB,
HSV2-gH, HSV2-gl., HSV2-gC, HSV2-gD.

The permutations may be present on multiple plasmids.
Examples of two antigens on one plasmid include: HSV2-
gB, HSV2-gH; HSV2-gB, HSV2-gl.; HSV2-gB, HSV2-gC;
HSV2-gB, HSV2-gD; HSV2-gH, HSV2-gl; HSV2-gH,
HSV2-gC; HSV2-gH, HSV2-gD; HSV2-gl., HSV2-gC,
HSV2-gl., HSV2-gD. Examples of two antigens on two
plasmids include: HSV2-gB, and HSV2-gH; HSV2-gB, and
HSV2-gl; HSV2-gB, and HSV2-gC; HSV2-gB, and HSV2-
gD; HSV2-gH, and HSV2-gl; HSV2-gH, and HSV2-gC;
HSV2-gH, and HSV2-gD; HSV2-gl., and HSV2-gC; and
HSV2-gl., and HSV2-gD. Examples of three antigens on
one plasmid include: HSV2-gB, HSV2-gH, HSV2-gl;
HSV2-gB, HSV2-gH, HSV2-gC; HSV2-gB, HSV2-gH,
HSV2-gD; HSV2-gB, HSV2-gl., HSV2-gC; HSV2-gB,
HSV2-gl., HSV2-gD; HSV2-gB, HSV2-gC, HSV2-gD;
HSV2-gH, HSV2-gl., HSV2-gC; HSV2-gH, HSV2-gL,
HSV2-gD; HSV2-gl., HSV2-gC, HSV2-gD. Examples of
three antigens on two plasmids include: HSV2-gB, HSV2-
gH, and HSV2-gl.; HSV2-gB, HSV2-gH, and HSV2-gC;
HSV2-gB, HSV2-gH, and HSV2-gD; HSV2-gB, HSV2-gl,
and HSV2-gC; HSV2-gB, HSV2-gl, and HSV2-gD; HSV2-
gB, HSV2-gC, and HSV2-gD; HSV2-gH, HSV2-gl., and
HSV2-gC; HSV2-gH, HSV2-gl, and HSV2-gD; HSV2-glL,
HSV2-gC, and HSV2-gD; HSV2-gB, HSV2-gl, and HSV2-
gH; HSV2-gB, HSV2-gC, and HSV2-gH; HSV2-gB,
HSV2-gD, and HSV2-gH; HSV2-gB, HSV2-gC, and
HSV2-gl; HSV2-gB, HSV2-gD, and HSV2-gl; HSV2-gB,
HSV2-gD, and HSV2-gC; HSV2-gH, HSV2-gC, and
HSV2-gl; HSV2-gH, HSV2-gD, and HSV2-gL; HSV2-gL,
HSV2-gD, and HSV2-gC; HSV2-gH, HSV2-gl., and HSV2-
gB; HSV2-gH, HSV2-gC, and HSV2-gB; HSV2-gH,
HSV2-gD, and HSV2-gB; HSV2-gl., HSV2-gC, and HSV2-
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g¢B; HSV2-gl, HSV2-gD, and HSV2-gB; HSV2-gC, HSV2-
gD, and HSV2-gB; HSV2-gl,, HSV2-gC, and HSV2-gH;
HSV2-gl,, HSV2-gD, and HSV2-gH; HSV2-gC, HSV2-gD,
and HSV2-gl.. Examples of three antigens on three plasmids
include: HSV2-gB, and HSV2-gH, and HSV2-gl,; HSV2-
gB, and HSV2-gH, and HSV2-gC; HSV2-gB, and HSV2-
gH, and HSV2-gD; HSV2-gB, and HSV2-gl., and HSV2-
gC; HSV2-gB, and HSV2-gl., and HSV2-gD; HSV2-gB,
and HSV2-gC, and HSV2-gD; HSV2-gH, and HSV2-gl,
and HSV2-gC; HSV2-gH, and HSV2-gl,, and HSV2-gD;
HSV2-gl., and HSV2-gC, and HSV2-gD. Examples of four
antigens on one plasmid include: HSV2-gB, HSV2-gH,
HSV2-gl., HSV2-gC; HSV2-gB, HSV2-gH, HSV2-gl,
HSV2-gD; HSV2-gB, HSV2-gl., HSV2-gC, HSV2-gD;
HSV2-gH, HSV2-gl, HSV2-gC, HSV2-gD; HSV2-gB,
HSV2-gH, HSV2-gC, HSV2-gD. Examples of four antigens
on two plasmids include: HSV2-gB, and HSV2-gH, HSV2-
gl, HSV2-gC; HSV2-¢gB, and HSV2-gH, HSV2-gl, HSV2-
gD; HSV2-gB, and HSV2-gl., HSV2-¢C, HSV2-gD; HSV2-
gH, and HSV2-gl., HSV2-gC, HSV2-gD; HSV2-¢gB, and
HSV2-gH, HSV2-gC, HSV2-gD; HSV2-gB, HSV2-gH, and
HSV2-gL., HSV2-gC;

HSV2-gB, HSV2-gH, and HSV2-gl, HSV2-gD; HSV2-
gB, HSV2-gl, and HSV2-gC, HSV2-gD; HSV2-gH, HSV2-
gl, and HSV2-gC, HSV2-gD; HSV2-gB, HSV2-gH, and
HSV2-gC, HSV2-gD; HSV2-gB, HSV2-gH, HSV2-gl, and
HSV2-gC; HSV2-gB, HSV2-gH, HSV2-gl, and HSV2-gD;
HSV2-gB, HSV2-gl,, HSV2-gC, and HSV2-gD; HSV2-gH,
HSV2-gl,, HSV2-gC, and HSV2-gD; HSV2-gB, HSV2-gH,
HSV2-gC, and HSV2-gD; HSV2-gH, and HSV2-gB,
HSV2-gl,, HSV2-gC; HSV2-gH, and HSV2-gB, HSV2-gl,
HSV2-gD; HSV2-gl, and HSV2-gB, HSV2-gC, HSV2-gD;
HSV2-gl,, and HSV2-gH, HSV2-gC, HSV2-gD; HSV2-gH,
and HSV2-gB, HSV2-gC, HSV2-gD; HSV2-gH, HSV2-gB,
HSV2-gl,, and HSV2-gC; HSV2-gH, HSV2-gB, HSV2-gl,
and HSV2-gD; HSV2-gl, HSV2-gB, HSV2-gC, and HSV2-
gD; HSV2-gl, HSV2-gH, HSV2-gC, and HSV2-gD;
HSV2-gH, HSV2-gB, HSV2-gC, and HSV2-gD; HSV2-gL,
and HSV2-gB, HSV2-gH, HSV2-gC; HSV2-gl, and HSV2-
gB, HSV2-gH, HSV2-gD; HSV2-gC, and HSV2-gB,
HSV2-gl,, HSV2-gD; HSV2-gC, and HSV2-gH, HSV2-gL,
HSV2-gD; HSV2-gC, and HSV2-gB, HSV2-gH, HSV2-gD;
HSV2-gl., HSV2-gB, and HSV2-gH, HSV2-gC; HSV2-gL,
HSV2-gB, and HSV2-gH, HSV2-gD; HSV2-gC, HSV2-gB,
and HSV2-gl., HSV2-gD; HSV2-gC, HSV2-gH, and HSV2-
gL, HSV2-gD; HSV2-gC, HSV2-gB, and HSV2-gH, HSV2-
gD; Examples of four antigens on three plasmids include:
HSV2-gB, and HSV2-gH, and HSV2-gL., HSV2-gC; HSV2-
gB, and HSV2-gH, and HSV2-gl,, HSV2-gD; HSV2-gB,
and HSV2-gl., and HSV2-gC, HSV2-gD; HSV2-gH, and
HSV2-gl,, and HSV2-gC, HSV2-gD; HSV2-gB, and HSV2-
gH, and HSV2-gC, HSV2-gD; HSV2-gB, and HSV2-gH,
HSV2-gl,, and HSV2-gC, HSV2-gB, and HSV2-gH, HSV2-
gl, and HSV2-gD, HSV2-gB, and HSV2-gl,, HSV2-gC,
and HSV2-gD; HSV2-gH, and HSV2-gl,, HSV2-gC, and
HSV2-gD, HSV2-gB, and HSV2-gH, HSV2-gC, and
HSV2-gD, HSV2-gB HSV2-gC, and HSV2-gH, and HSV2-
gl; HSV2-gB, HSV2-gD, and HSV2-gH, and HSV2-gl;
HSV2-gB HSV2-gD, and HSV2-gl, and HSV2-gC; HSV2-
gH HSV2-gD, and HSV2-gl., and HSV2-gC; HSV2-gB
HSV2-gD, and HSV2-gH, and HSV2-gC. Examples of four
antigens on four plasmids include: HSV2-gB, HSV2-gH,
HSV2-gl., HSV2-gC. Examples of four antigens on five
plasmids include: HSV2-gB, HSV2-gH, HSV2-gl., HSV2-
gC, HSV2-gD.

Example 19 VZV

Permutations of the five listed VZV antigens in combi-
nations of 2, 3 4 and 5 may include the following. Two
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antigens: VZV-gB, VZV-gH; VZV-gB, VZV-gl,; VZV-gB,
VZV-gM; VZV-gB, VZV-gN; VZV-gH, VZV-gl; VZV-gH,
VZV-gM; VZV-gH, VZV-gN; VZV-gl, VZV-gM; and VZ V-
gl, VZV-gN. Three antigens: VZV-gB, VZV-gH, VZV-gl;
VZV-gB, VZV-gH, VZV-gM; VZV-gB, VZV-gH, VZV-gN;
VZV-gB, VZV-gl, VZV-gM; VZV-gB, VZV-gl., VZV-gN;
VZV-gB, VZV-gM, VZV-gN; VZV-gH, VZV-gl, VZV-gM;
VZV-gH, VZV-gl, VZV-gN; and VZV-gl, VZV-gM, VZV-
gN. Four antigens: VZV-gB, VZV-gH, VZV-gl., VZV-gM;
VZV-gB, VZV-gH, VZV-gl., VZV-gN; VZV-gB, VZV-gl,
VZV-gM, VZV-gN; VZV-gH, VZV-gl, VZV-gM, VZV-gN;
and VZV-gB, VZV-gH, VZV-gM, VZV-gN. Five antigens:
VZV-gB, VZV-gH, VZV-gl., VZV-gM, VZV-gN.

The permutations may be present on multiple plasmids.
Examples of two antigens on one plasmid include: VZV-gB,
VZV-gH; VZV-gB, VZV-gl,; VZV-gB, VZV-gM; VZV-gB,
VZV-gN; VZV-gH, VZV-gl; VZV-gH, VZV-gM; VZV-gH,
VZV-gN; VZV-gl., VZV-gM, VZV-gl., VZV-gN. Examples
of two antigens on two plasmids include: VZV-gB, and
VZV-gH; VZV-gB, and VZV-gl.; VZV-gB, and VZV-gM;
VZV-gB, and VZV-gN; VZV-gH, and VZV-gl.; VZV-gH,
and VZV-gM; VZV-gH, and VZV-gN; VZV-gl., and VZV-
gM; and VZV-gl, and VZV-gN. Examples of three antigens
on one plasmid include: VZV-gB, VZV-gH, VZV-gl.; VZV-
eB, VZV-gH, VZV-gM; VZV-gB, VZV-gH, VZV-gN; VZV-
gB, VZV-gl, VZV-gM; VZV-gB, VZV-gl., VZV-gN; VZV-
gB, VZV-gM, VZV-gN; VZV-gH, VZV-gl, VZV-gM; VZV-
gH, VZV-gl, VZV-gN; VZV-gl, VZV-gM, VZV-gN.
Examples of three antigens on two plasmids include: VZV-
gB, VZV-gH, and VZV-gl.; VZV-gB, VZV-gH, and VZV-
gM; VZV-gB, VZV-gH, and VZV-gN; VZV-gB, VZV-gl,
and VZV-gM; VZV-gB, VZV-gl, and VZV-gN; VZV-gB,
VZV-gM, and VZV-gN; VZV-gH, VZV-gL,, and VZV-gM;
VZV-gH, VZV-gl, and VZV-gN; VZV-gl., VZV-gM, and
VZV-gN; VZV-gB, VZV-gl., and VZV-gH; VZV-gB, VZV-
gM, and VZV-gH; VZV-gB, VZV-gN, and VZV-gH; VZV-
gB, VZV-gM, and VZV-gl.; VZV-gB, VZV-gN, and VZV-
gl; VZV-gB, VZV-gN, and VZV-gM; VZV-gH, VZV-gM,
and VZV-gl; VZV-gH, VZV-gN, and VZV-gl; VZV-gl,
VZV-gN, and VZV-gM; VZV-gH, VZV-gl., and VZV-gB;
VZV-gH, VZV-gM, and VZV-gB; VZV-gH, VZV-gN, and
VZV-gB; VZV-gl, VZV-gM, and VZV-gB; VZV-gL, VZV-
gN, and VZV-gB; VZV-gM, VZV-gN, and VZV-gB; VZV-
gl, VZV-gM, and VZV-gH; VZV-gl., VZV-gN, and VZV-
gH; VZV-gM, VZV-gN, and VZV-gl.. Examples of three
antigens on three plasmids include: VZV-gB, and VZV-gH,
and VZV-gl; VZV-gB, and VZV-gH, and VZV-gM; VZV-
gB, and VZV-gH, and VZV-gN; VZV-gB, and VZV-gl, and
VZV-gM; VZV-gB, and VZV-gl., and VZV-gN; VZV-gB,
and VZV-gM, and VZV-gN; VZV-gH, and VZV-gl., and
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VZV-gM; VZV-gH, and VZV-gl., and VZV-gN; VZV-gl,,
and VZV-gM, and VZV-gN. Examples of four antigens on
one plasmid include: VZV-gB, VZV-gH, VZV-gl., VZV-
eM; VZV-gB, VZV-gH, VZV-gl., VZV-gN; VZV-gB, VZV-
gl, VZV-gM, VZV-gN; VZV-gH, VZV-gl., VZV-gM, VZV-
gN; VZV-gB, VZV-gH, VZV-gM, VZV-gN. Examples of
four antigens on two plasmids include: VZV-gB, and VZV-
gH, VZV-gl., VZV-gM; VZV-gB, and VZV-gH, VZV-gl,
VZV-gN; VZV-gB, and VZV-gl., VZV-gM, VZV-gN; VZV-
gH, and VZV-gl., VZV-gM, VZV-gN; VZV-gB, and VZV-
gH, VZV-gM, VZV-gN; VZV-gB, VZV-gH, and VZV-gL,
VZV-gM; VZV-gB, VZV-gH, and VZV-gl, VZV-gN; VZV-
gB, VZV-gl,, and VZV-gM, VZV-gN; VZV-gH, VZV-gl,
and VZV-gM, VZV-gN; VZV-gB, VZV-gH, and VZV-gM,
VZV-gN; VZV-gB, VZV-gH, VZV-gl, and VZV-gM; VZV-
gB, VZV-gH, VZV-gl, and VZV-gN; VZV-gB, VZV-gl,
VZV-gM, and VZV-gN; VZV-gH, VZV-gl., VZV-gM, and
VZV-gN; VZV-gB, VZV-gH, VZV-gM, and VZV-gN; VZV-
gH, and VZV-gB, VZV-gl., VZV-gM; VZV-gH, and VZV-
gB, VZV-gl., VZV-gN; VZV-gl, and VZV-gB, VZV-gM,
VZV-gN; VZV-gl, and VZV-gH, VZV-gM, VZV-gN; VZV-
gH, and VZV-gB, VZV-gM, VZV-gN; VZV-gH, VZV-gB,
VZV-gl, and VZV-gM; VZV-gH, VZV-gB, VZV-gl., and
VZV-gN; VZV-gl, VZV-gB, VZV-gM, and VZV-gN; VZV-
gl, VZV-gH, VZV-gM, and VZV-gN; VZV-gH, VZV-gB,
VZV-gM, and VZV-gN; VZV-gl., and VZV-gB, VZV-gH,
VZV-gM; VZV-gl, and VZV-gB, VZV-gH, VZV-gN; VZV-
gM, and VZV-gB, VZV-gl., VZV-gN; VZV-gM, and VZV-
gH, VZV-gl, VZV-gN; VZV-gM, and VZV-gB, VZV-gH,
VZV-gN; VZV-gl, VZV-gB, and VZV-gH, VZV-gM; VZV-
gl, VZV-gB, and VZV-gH, VZV-gN; VZV-gM, VZV-gB,
and VZV-gl., VZV-gN; VZV-gM, VZV-gH, and VZV-gl,
VZV-gN; VZV-gM, VZV-gB, and VZV-gH, VZV-gN;
Examples of four antigens on three plasmids include: VZV-
gB, and VZV-gH, and VZV-gl., VZV-gM; VZV-gB, and
VZV-gH, and VZV-gl., VZV-gN; VZV-gB, and VZV-gL,
and VZV-gM, VZV-gN; VZV-gH, and VZV-gl., and VZV-
gM, VZV-gN; VZV-gB, and VZV-gH, and VZV-gM, VZV-
gN; VZV-gB, and VZV-gH, VZV-gl., and VZV-gM, VZV-
gB, and VZV-gH, VZV-gl., and VZV-gN, VZV-gB, and
VZV-gl,, VZV-gM, and VZV-gN; VZV-gH, and VZV-gL,,
VZV-gM, and VZV-gN, VZV-gB, and VZV-gH, VZV-gM,
and VZV-gN, VZV-gB VZV-gM, and VZV-gH, and VZV-
gl; VZV-gB, VZV-gN, and VZV-gH, and VZV-gl.; VZV-gB
VZV-gN, and VZV-gl., and VZV-gM; VZV-gH VZV-gN,
and VZV-gl., and VZV-gM; VZV-gB VZV-gN, and VZV-
gH, and VZV-gM. Examples of four antigens on four
plasmids include: VZV-gB, VZV-gH, VZV-gl., VZV-gM.
Examples of four antigens on five plasmids include: VZV-
gB, VZV-gH, VZV-gl, VZV-gM, VZV-gN.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 114
<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

SEQ ID NO 1

LENGTH: 2724

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

FEATURE:
NAME/KEY: misc_feature
LOCATION: (1)..(3)

OTHER INFORMATION: n is a, ¢, g, or t

OTHER INFORMATION: gB consensus nucleic acid sequence
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<400> SEQUENCE: 1

nnngagagca gaatctggtyg cctggtegtg tgcgtgaace tgtgcategt gtgectggga 60
geegecegtgt ccagcagcag cacccggggce acaagcgceca cacacagceca ccacagcagce 120
cacaccacca gcgecgecca cagccggage ggaagcegtga gcagecageyg ggtgaccage 180
agcgaggceceg tgtcccaccg ggccaacgag acaatctaca acaccaccct gaagtacgge 240
gacgtcegtygyg gagtgaacac caccaagtac ccctacagag tgtgcagcat ggceccaggge 300
accgacctga tcagattcga gcggaacatce gtgtgtacca gcatgaagcece catcaacgag 360
gacctggacyg agggcatcat ggtggtgtac aagagaaaca tcgtggccca caccttcaaa 420
gtgcgggtgt accagaaggt gctgacctte cggcggaget acgcctacat ccacaccacce 480
tacctgcetgg gcagcaacac cgagtacgtg geccctcececa tgtgggagat ccaccacate 540
aacagccaca gccagtgcta cagcagctac agecgcegtga tegecggeac cgtgttegtg 600
gectaccace gggacagcta cgagaacaag accatgcage tgatgcccga cgactacagce 660
aacacccaca gcaccagata cgtgaccgtg aaggaccagt ggcacagccyg gggaagcace 720
tggctgtaca gagagacatg caacctgaac tgcatggtca ccatcaccac cgccagaagce 780
aagtaccctt accacttett cgccaccage accggcgacyg tggtggacat cagcccectte 840
tacaacggca ccaaccggaa cgccagctac tteggcgaga acgccgacaa gttcttcate 900
ttccecaact acaccatcegt gtccgactte ggcagaccca acagcgcccece tgagacacac 960
cggctggtgg cctttcectgga acgggccgac agcgtgatca gectgggacat ccaggacgag 1020
aagaacgtga cctgccagcet gaccttetgg gaggctageg ageggaccat cagaagcgag 1080
geecgaggaca gctaccactt cagcagcgcec aagatgaccg ccaccttect gagcaagaaa 1140
caggaagtga acatgagcga cagcgccectg gactgcegtge gggatgagge catcaacaag 1200
ctgcagcaga tcttcaacac cagctacaac cagacctacg agaagtatgg caacgtgtcc 1260
gtgttcgaga caacaggcgg cctggtggtg ttcectggcagg gcatcaagca gaagtcectg 1320
gtegagetygyg aacggctgge caacagaagc agcctgaacce tgacccaccg gaccaagcegyg 1380
agcaccgacg gcaacaatac cacccacctg agcaacatgg aaagcgtcca caacctggtg 1440
tacgcccage tgcagttcac ctacgacacce ctgegggget acatcaaccyg ggccctggece 1500
cagatcgcecg aggcttggtg tgtggaccag cggcggacce tggaagtgtt caaagagcetg 1560
agcaagatca accccagcgce catcctgage gecatctaca acaagcectat cgccgecaga 1620
ttcatgggcg acgtgctggg cctggccage tgcgtgacca tcaaccagac cagcgtgaag 1680
gtgctgeggyg acatgaacgt gaaagaaagc cccggcagat gctactccag accegtggte 1740
atcttcaact tcgccaacag ctecctacgtg cagtacggcce agctgggcga ggacaacgag 1800
atcctgetgg gaaaccaccg gaccgaggaa tgccagcetge ccagcctgaa gatctttatce 1860
gccggcaaca gcegectacga gtatgtggac tacctgttca agcggatgat cgacctgage 1920
agcatcagca ccgtggacag catgatcgece ctggacateg accccctgga aaacaccgac 1980
ttcecgggtge tggaactgta cagccagaaa gagctgcgga gcagcaacgt gttcecgacctg 2040
gaagagatca tgcgcgagtt caacagctac aagcagcgceg tgaaatacgt cgaggacaag 2100
gtggtggace ccctgeccee ctacctgaag ggectggacyg acctgatgag cggectggga 2160
gctgectggca aggccecgtggg agtggccatt ggagcetgtgg geggagcecgt ggccagegtyg 2220
gtggaaggcg tggccacctt tctgaagaac ccctteggeg ccttcaccat catcctggtyg 2280
gctatcgeeg tegtgatcat cacctacctg atctacaccce ggcagceggceg gctgtgtacce 2340
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-continued
cagcctetge agaacctgtt cccctacctg gtgteccgecg acggcaccac cgtgacaagce 2400
ggctccacca aggacaccag cctgcaggcece ccacccaget acgaggaatc cgtgtacaac 2460
agcggecgga agggeccagg ccctectage tetgacgect ctacagecge cccaccctac 2520
accaacgagc aggcctacca gatgctgetg gecctggeta gactggacge cgagcagaga 2580
geecagcaga acggaaccga cagcectggat ggccagaccg geacccagga caagggcecag 2640
aagcccaace tgctggaccg getgcggecac agaaagaacyg gctaccggca cctgaaggac 2700
agcgacgaag aggaaaacgt gtga 2724

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 2
H: 907
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: gB consensus amino acid sequence

<220> FEATU

RE:

<221> NAME/KEY: misc_feature

<222> LOCAT

ION: (1)..

(1)

<223> OTHER INFORMATION: Xaa can be

<400> SEQUENCE: 2

Xaa Glu Ser

Val Cys Leu

Ala Thr His

Arg Ser Gly
50

Ser His Arg
65

Asp Val Val

Met Ala Gln

Thr Ser Met
115

Val Tyr Lys
130

Gln Lys Val
145

Tyr Leu Leu

Ile His His

Val Ile Ala
195

Asn Lys Thr
210

Thr Arg Tyr
225

Trp Leu Tyr

Thr Ala Arg

Arg Ile Trp Cys Leu

5

Gly Ala Ala Val Ser

20

Ser His His Ser Ser

40

Ser Val Ser Ser Gln

55

Ala Asn Glu Thr Ile

70

Gly Val Asn Thr Thr

85

Gly Thr Asp Leu Ile

100

Lys Pro Ile Asn Glu

120

Arg Asn Ile Val Ala

135

Leu Thr Phe Arg Arg
150

Gly Ser Asn Thr Glu

165

Ile Asn Ser His Ser

180

Gly Thr Val Phe Val

200

Met Gln Leu Met Pro

215

Val Thr Val Lys Asp
230

Arg Glu Thr Cys Asn

245

Ser Lys Tyr Pro Tyr

260

Val

Ser

25

His

Arg

Tyr

Lys

Arg

105

Asp

His

Ser

Tyr

Gln

185

Ala

Asp

Gln

Leu

His
265

any

Val

10

Ser

Thr

Val

Asn

Tyr

90

Phe

Leu

Thr

Tyr

Val

170

Cys

Tyr

Asp

Trp

Asn
250

Phe

naturally occurring

Cys

Ser

Thr

Thr

Thr

75

Pro

Glu

Asp

Phe

Ala

155

Ala

Tyr

His

Tyr

His

235

Cys

Phe

Val Asn Leu
Thr Arg Gly
30

Ser Ala Ala
45

Ser Ser Glu
60

Thr Leu Lys

Tyr Arg Val

Arg Asn Ile
110

Glu Gly Ile
125

Lys Val Arg
140

Tyr Ile His

Pro Pro Met

Ser Ser Tyr
190

Arg Asp Ser
205

Ser Asn Thr
220

Ser Arg Gly

Met Val Thr

Ala Thr Ser
270

Cys Ile
15

Thr Ser

His Ser

Ala Val

Tyr Gly
80

Cys Ser
95

Val Cys

Met Val

Val Tyr

Thr Thr
160

Trp Glu
175

Ser Arg

Tyr Glu

His Ser

Ser Thr
240

Ile Thr
255

Thr Gly

amino acid



85

US 9,994,619 B2

-continued

86

Asp

Ser

Thr

305

Arg

Ile

Ser

Ser

Met

385

Leu

Gly

Gln

Arg

Asn

465

Tyr

Arg

Thr

Leu

Arg

Gly

Glu

Ala

625

Ser

Glu

Arg

Val

Tyr

290

Ile

Leu

Gln

Glu

Ala

370

Ser

Gln

Asn

Gly

Ser

450

Asn

Ala

Ala

Leu

Ser

530

Leu

Leu

Pro

Gln

Glu

610

Tyr

Ile

Asn

Ser

Val

275

Phe

Val

Val

Asp

Arg

355

Lys

Asp

Gln

Val

Ile

435

Ser

Thr

Gln

Leu

Glu

515

Ala

Gly

Arg

Val

Leu

595

Cys

Glu

Ser

Thr

Ser
675

Asp

Gly

Ser

Ala

Glu

340

Thr

Met

Ser

Ile

Ser

420

Lys

Leu

Thr

Leu

Ala

500

Val

Ile

Leu

Asp

Val

580

Gly

Gln

Tyr

Thr

Asp
660

Asn

Ile

Glu

Asp

Phe

325

Lys

Ile

Thr

Ala

Phe

405

Val

Gln

Asn

His

Gln

485

Gln

Phe

Tyr

Ala

Met

565

Ile

Glu

Leu

Val

Val
645

Phe

Val

Ser

Asn

Phe

310

Leu

Asn

Arg

Ala

Leu

390

Asn

Phe

Lys

Leu

Leu

470

Phe

Ile

Lys

Asn

Ser

550

Asn

Phe

Asp

Pro

Asp

630

Asp

Arg

Phe

Pro

Ala

295

Gly

Glu

Val

Ser

Thr

375

Asp

Thr

Glu

Ser

Thr

455

Ser

Thr

Ala

Glu

Lys

535

Cys

Val

Asn

Asn

Ser

615

Tyr

Ser

Val

Asp

Phe

280

Asp

Arg

Arg

Thr

Glu

360

Phe

Cys

Ser

Thr

Leu

440

His

Asn

Tyr

Glu

Leu

520

Pro

Val

Lys

Phe

Glu

600

Leu

Leu

Met

Leu

Leu
680

Tyr

Lys

Pro

Ala

Cys

345

Ala

Leu

Val

Tyr

Thr

425

Val

Arg

Met

Asp

Ala

505

Ser

Ile

Thr

Glu

Ala

585

Ile

Lys

Phe

Ile

Glu
665

Glu

Asn

Phe

Asn

Asp

330

Gln

Glu

Ser

Arg

Asn

410

Gly

Glu

Thr

Glu

Thr

490

Trp

Lys

Ala

Ile

Ser

570

Asn

Leu

Ile

Lys

Ala

650

Leu

Glu

Gly

Phe

Ser

315

Ser

Leu

Asp

Lys

Asp

395

Gln

Gly

Leu

Lys

Ser

475

Leu

Cys

Ile

Ala

Asn

555

Pro

Ser

Leu

Phe

Arg

635

Leu

Tyr

Ile

Thr

Ile

300

Ala

Val

Thr

Ser

Lys

380

Glu

Thr

Leu

Glu

Arg

460

Val

Arg

Val

Asn

Arg

540

Gln

Gly

Ser

Gly

Ile

620

Met

Asp

Ser

Met

Asn

285

Phe

Leu

Ile

Phe

Tyr

365

Gln

Ala

Tyr

Val

Arg

445

Ser

His

Gly

Asp

Pro

525

Phe

Thr

Arg

Tyr

Asn

605

Ala

Ile

Ile

Gln

Arg
685

Arg

Pro

Glu

Ser

Trp

350

His

Glu

Ile

Glu

Val

430

Leu

Thr

Asn

Tyr

Gln

510

Ser

Met

Ser

Cys

Val

590

His

Gly

Asp

Asp

Lys

670

Glu

Asn

Asn

Thr

Trp

335

Glu

Phe

Val

Asn

Lys

415

Phe

Ala

Asp

Leu

Ile

495

Arg

Ala

Gly

Val

Tyr

575

Gln

Arg

Asn

Leu

Pro
655

Glu

Phe

Ala

Tyr

His

320

Asp

Ala

Ser

Asn

Lys

400

Tyr

Trp

Asn

Gly

Val

480

Asn

Arg

Ile

Asp

Lys

560

Ser

Tyr

Thr

Ser

Ser
640
Leu

Leu

Asn
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Ser Tyr Lys

690

Leu Pro Pro

705

Gln Arg Val Lys Tyr

695

Tyr Leu Lys Gly Leu
710

Ala Ala Gly Lys Ala Val Gly Val

Val Ala Ser

Gly Ala Phe
755

Tyr Leu Ile

770

Asn Leu Phe

785

Gly Ser Thr

Ser Val Tyr

Ala Ser Thr

835

Leu Leu Ala

850

Gly Thr Asp

865

Lys Pro Asn

His Leu Lys

725

Val val Glu Gly Val

740

Thr Ile Ile Leu Val

760

Tyr Thr Arg Gln Arg

775

Pro Tyr Leu Val Ser
790

Lys Asp Thr Ser Leu

805

Asn Ser Gly Arg Lys

820

Ala Ala Pro Pro Tyr

840

Leu Ala Arg Leu Asp

855

Ser Leu Asp Gly Gln
870

Leu Leu Asp Arg Leu

885

Asp Ser Asp Glu Glu

900

<210> SEQ ID NO 3
<211> LENGTH: 1119

<212> TYPE:

DNA

Val Glu Asp
Asp Asp Leu
715

Ala Ile Gly
730

Ala Thr Phe
745

Ala Ile Ala

Arg Leu Cys

Ala Asp Gly

795

Gln Ala Pro
810

Gly Pro Gly
825

Thr Asn Glu

Ala Glu Gln

Thr Gly Thr

875

Arg His Arg
890

Glu Asn Val
905

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: gM consensus nucleic acid sequence
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..
<223> OTHER INFORMATION: n is a,

<400> SEQUENCE: 3

nnngcaccca

atggtgctga

ggctaccect

aacgtgatge

geegtgttta

aagatttcta

tacatgggceg

ttcaccctga

ttettetgte

agcetgttet

ctgatcgtga

ctgtgetacyg

gecacgtgga

ccttegtgaa

gegtgtacta

atctgcacac

tgcagetggt

tgcggaagga

acagcctgac

ccatgagett

tgaccatctt

tcttecagteg

acctggtgga

getteggcaa

(3)

caaagtgaac

tgtgtcegte

ccacgtggty

ccccatgetyg

gttectggee

caagggcatg

cgecttectyg

ceggetgece

caacgtgtcc

getgcacccee

agtggcecetyg

caacttcttce

accecggactt

cacctggtge

gacttcgage

tttctggaca

gtgaccatct

agcctgaace

ttcatcctga

agcatgatcg

atggtcaccc

aagctgaagg

ggcttcaaca

gtgcggacag

Lys Val Val Asp Pro

700

Met Ser Gly Leu Gly

720

Ala Val Gly Gly Ala

735

Leu Lys Asn Pro Phe

750

Val Val Ile

765

Thr Gln Pro

780

Thr Thr Val

Pro Ser Tyr

Pro Pro Ser

830

Gln Ala Tyr

845

Ile Thr

Leu Gln

Thr Ser
800

Glu Glu
815

Ser Asp

Gln Met

Arg Ala Gln Gln Asn

860

Gln Asp Lys

Lys Asn Gly

ggagcgccag

tgagcaactt

ggctgaacat

gegtgeaget

actacctegt

agagcacccg

gecatggacac

cctttatgge

agtacagaag

gcaccgteca

ccaccgtggt

gccacatggt

Gly Gln
880

Tyr Arg
895

catcgtgtte
cccecaccty
gagecgectac
cgtgtgctac
gtgctggate
ggacatcagce
cttecagety
cgcegtecac
ctacaagcgg
gttecggace

ggctatgget

gCtggCCgtg

60

120

180

240

300

360

420

480

540

600

660

720
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ttegtggtgt acgccattat cagcatcatce tactttcetge tgatcgagge cgtgttette 780
cagtacgtga aggtgcagtt cggctaccac ctgggcegect tttteggect gtgeggectg 840
atctacccca tcgtgcagta cgacacctte ctgagcaacyg agtaccggac cggcatcage 900
tggtectteg gcatgetgtt cttcatectgg gecatgttea ccacctgteyg ggcegtgcegy 960
tacttcagag gcagaggcag cggctcegtg aagtaccagyg ccectggcecac agccagegge 1020
gaagaagtgyg ccgcectgag ccaccacgac agcctggaaa gcagacggct gagagaggaa 1080
gaggacgacg acgacgatga ggacttcgag gacgcctga 1119

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 4
H: 372
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: gM consensus amino acid sequence

<220> FEATU

RE:

<221> NAME/KEY: misc_feature

<222> LOCAT

ION: (1)..

(1)

<223> OTHER INFORMATION: Xaa can be

<400> SEQUENCE: 4

Xaa Ala Pro

Ser Ile Val

Val Leu Ser

35

Val Val Asp
50

Leu His Thr
65

Ala Val Phe

Val Cys Trp

Asn Gln Ser
115

Phe Leu Phe
130

Met Ser Phe
145

Phe Phe Cys

Ser Tyr Lys

Lys Gly Thr
195

Ala Leu Gly
210

Phe Gly Asn
225

Phe Val Val

Ala Val Phe

Ser His Val Asp Lys

5

Phe Met Val Leu Thr

20

Asn Phe Pro His Leu

40

Phe Glu Arg Leu Asn

55

Pro Met Leu Phe Leu

70

Met Gln Leu Val Phe

85

Ile Lys Ile Ser Met

100

Thr Arg Asp Ile Ser

120

Ile Leu Ser Met Asp

135

Arg Leu Pro Ser Met
150

Leu Thr Ile Phe Asn

165

Arg Ser Leu Phe Phe

180

Val Gln Phe Arg Thr

200

Phe Asn Thr Thr Val

215

Asn Phe Phe Val Arg
230

Tyr Ala Ile Ile Ser

245

Phe Gln Tyr Val Lys

260

Val

Phe

25

Gly

Met

Asp

Leu

Arg

105

Tyr

Thr

Ile

Val

Phe

185

Leu

Val

Thr

Ile

Val
265

any

Asn

10

Val

Tyr

Ser

Ser

Ala

90

Lys

Met

Phe

Ala

Ser

170

Ser

Ile

Ala

Gly

Ile
250

Gln

naturally occurring

Thr

Asn

Pro

Ala

Val

75

Val

Asp

Gly

Gln

Phe

155

Met

Arg

Val

Met

His
235

Tyr

Phe

Arg Thr Trp

Val Ser Val
30

Cys Val Tyr
45

Tyr Asn Val
60

Gln Leu Val

Thr Ile Tyr

Lys Gly Met
110

Asp Ser Leu
125

Leu Phe Thr
140

Met Ala Ala

Val Thr Gln

Leu His Pro
190

Asn Leu Val
205

Ala Leu Cys
220

Met Val Leu

Phe Leu Leu

Gly Tyr His
270

Ser Ala
15

His Leu

Tyr His

Met His

Cys Tyr
80

Tyr Leu
95

Ser Leu

Thr Ala

Leu Thr

Val His
160

Tyr Arg
175

Lys Leu

Glu Val

Tyr Gly

Ala Val

240

Ile Glu
255

Leu Gly

amino acid
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Ala Phe Phe
275

Thr Phe Leu
290

Met Leu Phe
305

Tyr Phe Arg
Thr Ala Ser
Glu Ser Arg

355
Phe Glu Asp

370

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gly Leu Cys Gly Leu

280

Ser Asn Glu Tyr Arg

295

Phe Ile Trp Ala Met
310

Gly Arg Gly Ser Gly

325

Gly Glu Glu Val Ala

340

Arg Leu Arg Glu Glu

Ala

D NO 5
H: 411
DNA

360

Ile

Thr

Phe

Ser

Ala

345

Glu

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Tyr

Gly

Thr

Val

330

Leu

Asp

Pro Ile Val Gln
285

Ile Ser Trp Ser
300

Thr Cys Arg Ala
315

Lys Tyr Gln Ala
Ser His His Asp
350

Asp Asp Asp Asp
365

Tyr Asp

Phe Gly

Val Arg
320

Leu Ala
335

Ser Leu

Glu Asp

<223> OTHER INFORMATION: gN consensus nucleic acid sequence

<220> FEATU

RE:

<221> NAME/KEY: misc_feature

<222> LOCAT

ION: (1)..

(3)

<223> OTHER INFORMATION: n is a,

<400> SEQUE:
nnngagtgga
aacaccagca
aaggccacca
accagcacaa
aacgacttct
geegectggt
cggcactget
<210> SEQ I

<211> LENGT.
<212> TYPE:

NCE: 5

acaccetggt
ctgccageac
ccaccgecac
agcceggeag
acaaggccca
ggaccatgcet
gettcecagaa
D NO 6

H: 136
PRT

getgggtety
ccccagecect
cacaagcacc
caccactcac
ctgcaccage
gaacgcecty

cttecaccgec

ctggtgetgt ctgtggecge

agcagcagca cccacaccte

acaacagcca ccagcaccac

gaccccaacg tgatgaggece

catatgtacg agctgagect

atcctgatgyg gegecttetg

acaaccacca agggctactg

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: gN consensus amino acid sequen

<220> FEATU

RE:

<221> NAME/KEY: misc_feature

<222> LOCAT

ION: (1)..

(1)

<223> OTHER INFORMATION: Xaa can be

<400> SEQUE:

Xaa Glu Trp

Ala Ser Ser

Ser Thr His

35

Ser Thr Thr
50

Pro Gly Ser
65

NCE: 6

Asn Thr Leu Val Leu

5

Asn Asn Thr Ser Thr

20

Thr Ser Thr Thr Val

40

Thr Ala Thr Ser Thr

55

Thr Thr His Asp Pro

70

Gly

Ala

25

Lys

Thr

Asn

any

Leu

10

Ser

Ala

Ser

Val

naturally occur

Leu Val Leu Ser
Thr Pro Ser Pro
30

Thr Thr Thr Ala
45

Ser Thr Thr Ser
60

Met Arg Pro His
75

cagcagcaac

caccaccgty

ctcttecace

ccacgcccac

gagcagctte

catcgtgetyg

a

ce

60

120

180

240

300

360

411

ring amino acid

Val Ala

15

Ser Ser

Thr Thr

Thr Lys

Ala His
80
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94

Asn Asp Phe
Leu Ser Ser
Met Gly Ala

115
Thr Ala Thr

130

<210> SEQ I
<211> LENGT.
<212> TYPE:

Tyr Lys Ala His Cys

85

Phe Ala Ala Trp Trp

100

Phe Cys Ile Val Leu

120

Thr Thr Lys Gly Tyr

D NO 7
H: 2232
DNA

135

Thr Ser His
90

Thr Met Leu
105

Arg His Cys

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Met Tyr Glu

Asn Ala Leu
110

Cys Phe Gln

125

Leu Ser
95

Ile Leu

Asn Phe

<223> OTHER INFORMATION: gH consensus nucleic acid sequence

<220> FEATU

RE:

<221> NAME/KEY: misc_feature

<222> LOCAT

ION: (1)..

(3)

<223> OTHER INFORMATION: n is a,

<400> SEQUE:

nnncgacccyg

cccagecaga

ctgetgetga

acctacaaca

ttcttecaga

cctetggecy

cagcggetga

cagcagctga

gacctgagca

agccacacca

ggccacgace

gacgagctga

atcgacgacyg

gececectace

ctggtcaaga

geegeectygyg

tacgcegtygyg

atggeetteg

gaagtgtcceg

atgatcacct

gtggatctgg

gtgcggcetgg

ctgagacaga

agcgectteg

cacaccaccg

ctgagecact

acccectgea

NCE: 7

gectgeccag

gatacggcge

acacctacgg

gcagcctgeyg

gctacaacca

agcagttect

atacctacge

aggctcagga

tccecccacgt

ccageggect

tgctgttecag

gatacgtgaa

acaccccecat

agcgggacaa

aggaccagct

acttcaacta

acgtgctgaa

cctatgecct

tgcccagage

gtctgageca

ccaageggyge

tgtacatcct

tcgecgactt

ctaggcagga

agaggcggga

tcacccaget

getetagegy

ctacctgacce

cgatgeegec

cagacctatce

gaacagcacc

gtactacgtyg

gaaccaggtyg

cctggtgtec

cagcctggge

gtggatgecce

gcacagacce

caccgtgace

gatcacccetyg

getgetgate

cttcatcetyg

gaaccggcac

cctggaccetyg

gtCngCng

ggcectgttt

cctggacaga

gacccecect

cctgtggace

gagcaagcag

cgcectgaag

actgtacctg

aatcttcatc

getggeccac

cagacgggat

gtgttegecy

tctgaggece

cggttectge

gtegtgegeg

ttccacatge

gacctgaccyg

aaggacctygg

gagcagccta

ccccagacca

cacttcaacc

cecctgectge

accgaggatt

ttcggecate

cggcagaccyg

tcctacctga

agcgeectge

tgccagatge

geegeegete

caggcegete

cggaccacce

cccaaccaga

aaccagcagc

ctgcacaaga

atgggcagec

gtggaaaccyg

ccccaccacyg

cacagectygg

tgtacctget

tggatcctca

gcgagaacac

agaatgctat

cceggtgect

agacactgga

ccagctacceyg

ccaccgtgee

cacctcacgyg

agacctgcat

accagggett

tettegtggt

tgcctegggt

agaagcacga

aggaccccga

tgagaaacag

tggacagacg

ggcaggaaga

tgctgcagat

tgctgetgta

tcaccgacat

acctgatcce

cccacctgge

tggtgcactce

gectgtgeag

agtacctgag

aacggctgac

gagccatetg

cgecttecat

cacccagtge

cagcttcaac

gttegecgga

aagataccag

gtcettecage

ccctecaate

ctggaaagag

tctgttegac

ctacctgatce

caccgtgtec

getgttcaag

gCthtggtg

cttectggac

ctteccacaga

gaccgtggaa

ggCtggCgCt

ccaggaattce

cecctaccgee

cacaagccte

ccagtgggece

tagctttetg

catgctggty

cctggecgag

cgacctgtac

ceggetgtte

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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-continued
ccegatgeca cagtgcectge cactgtgcca gccgeccetgt ccatcctgte caccatgecag 1680
cccagcaccce tggaaacctt ccccgacctg ttetgectge cectgggcga gagcttcagce 1740
gccctgacag tgtccgagca cgtgtcecctac gtggtcacca accagtacct gatcaagggce 1800
atcagctace ccgtgtceccac caccgtegtg ggecagagece tgatcatcac ccagaccgac 1860
agccagacca agtgcgagct gacccggaac atgcacacca cacacagcat cactgecgece 1920
ctgaacatca gcctggaaaa ctgcgcectte tgccagtetg cecctgcectgga atacgacgat 1980
acccagggceg tgatcaacat catgtacatg cacgacagcg acgacgtgct gttecgcecctg 2040
gaccecctaca acgaggtggt ggtgtccage ccccggaccce actacctgat gctgctgaag 2100
aacggcaccg tgctggaagt gaccgacgtg gtggtggacyg ccaccgacag cagactgctg 2160
atgatgagcg tgtacgccct gagcgccatce atcggcatct acctgetgta ccggatgetg 2220
aaaacctgct ga 2232

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 8
H: 743
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: gH consensus amino acid sequence

<220> FEATU

RE:

<221> NAME/KEY: misc_feature

<222> LOCAT

ION: (1)..

<400> SEQUENCE: 8

Xaa Arg Pro
1

Leu Ser His

Ala Leu Asp
35

Pro Ile Arg

Ser Leu Arg
65

Phe Phe Gln

Leu Phe Ala

Thr Glu Thr
115

130

Ala Gln Asp
145

Asp Leu Ser

Gly Trp Lys

Asn Gln Thr
195

Val Thr Pro
210

(1)
<223> OTHER INFORMATION: Xaa can be any naturally occurring

Gly Leu Pro Ser Tyr

5

Leu Pro Ser Gln Arg

20

Pro His Ala Phe His

40

Phe Leu Arg Glu Asn

55

Asn Ser Thr Val Val

70

Ser Tyr Asn Gln Tyr

85

Gly Pro Leu Ala Glu

100

Leu Glu Arg Tyr Gln

120

Asp Leu Ala Ser Tyr

135

Ser Leu Gly Glu Gln
150

Ile Pro His Val Trp

165

Glu Ser His Thr Thr

180

Cys Ile Leu Phe Asp

200

Cys Leu His Gln Gly

215

Leu Thr Val
10

Tyr Gly Ala
25

Leu Leu Leu

Thr Thr Gln

Arg Glu Asn
75

Tyr Val Phe
90

Gln Phe Leu
105

Gln Arg Leu

Arg Ser Phe

Pro Thr Thr
155

Met Pro Pro
170

Ser Gly Leu
185

Gly His Asp

Phe Tyr Leu

Phe Ala Val
Asp Ala Ala
30

Asn Thr Tyr
45

Cys Thr Tyr
60

Ala Ile Ser

His Met Pro

Asn Gln Val

110

Asn Thr Tyr
125

Ser Gln Gln
140

Val Pro Pro

Gln Thr Thr

His Arg Pro

190

Leu Leu Phe
205

Ile Asp Glu
220

Tyr Leu
15

Ser Glu

Gly Arg

Asn Ser

Phe Asn

80

Arg Cys
95

Asp Leu

Ala Leu

Leu Lys

Pro Ile
160

Pro His
175
His Phe

Ser Thr

Leu Arg

amino acid
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Tyr Val Lys Ile Thr Leu Thr Glu Asp Phe Phe Val Val Thr Val Ser
225 230 235 240

Ile Asp Asp Asp Thr Pro Met Leu Leu Ile Phe Gly His Leu Pro Arg
245 250 255

Val Leu Phe Lys Ala Pro Tyr Gln Arg Asp Asn Phe Ile Leu Arg Gln
260 265 270

Thr Glu Lys His Glu Leu Leu Val Leu Val Lys Lys Asp Gln Leu Asn
275 280 285

Arg His Ser Tyr Leu Lys Asp Pro Asp Phe Leu Asp Ala Ala Leu Asp
290 295 300

Phe Asn Tyr Leu Asp Leu Ser Ala Leu Leu Arg Asn Ser Phe His Arg
305 310 315 320

Tyr Ala Val Asp Val Leu Lys Ser Gly Arg Cys Gln Met Leu Asp Arg
325 330 335

Arg Thr Val Glu Met Ala Phe Ala Tyr Ala Leu Ala Leu Phe Ala Ala
340 345 350

Ala Arg Gln Glu Glu Ala Gly Ala Glu Val Ser Val Pro Arg Ala Leu
355 360 365

Asp Arg Gln Ala Ala Leu Leu Gln Ile Gln Glu Phe Met Ile Thr Cys
370 375 380

Leu Ser Gln Thr Pro Pro Arg Thr Thr Leu Leu Leu Tyr Pro Thr Ala
385 390 395 400

Val Asp Leu Ala Lys Arg Ala Leu Trp Thr Pro Asn Gln Ile Thr Asp
405 410 415

Ile Thr Ser Leu Val Arg Leu Val Tyr Ile Leu Ser Lys Gln Asn Gln
420 425 430

Gln His Leu Ile Pro Gln Trp Ala Leu Arg Gln Ile Ala Asp Phe Ala
435 440 445

Leu Lys Leu His Lys Thr His Leu Ala Ser Phe Leu Ser Ala Phe Ala
450 455 460

Arg Gln Glu Leu Tyr Leu Met Gly Ser Leu Val His Ser Met Leu Val
465 470 475 480

His Thr Thr Glu Arg Arg Glu Ile Phe Ile Val Glu Thr Gly Leu Cys
485 490 495

Ser Leu Ala Glu Leu Ser His Phe Thr Gln Leu Leu Ala His Pro His
500 505 510

His Glu Tyr Leu Ser Asp Leu Tyr Thr Pro Cys Ser Ser Ser Gly Arg
515 520 525

Arg Asp His Ser Leu Glu Arg Leu Thr Arg Leu Phe Pro Asp Ala Thr
530 535 540

Val Pro Ala Thr Val Pro Ala Ala Leu Ser Ile Leu Ser Thr Met Gln
545 550 555 560

Pro Ser Thr Leu Glu Thr Phe Pro Asp Leu Phe Cys Leu Pro Leu Gly
565 570 575

Glu Ser Phe Ser Ala Leu Thr Val Ser Glu His Val Ser Tyr Val Val
580 585 590

Thr Asn Gln Tyr Leu Ile Lys Gly Ile Ser Tyr Pro Val Ser Thr Thr
595 600 605

Val Val Gly Gln Ser Leu Ile Ile Thr Gln Thr Asp Ser Gln Thr Lys
610 615 620

Cys Glu Leu Thr Arg Asn Met His Thr Thr His Ser Ile Thr Ala Ala
625 630 635 640

Leu Asn Ile Ser Leu Glu Asn Cys Ala Phe Cys Gln Ser Ala Leu Leu
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Glu Tyr Asp
Ser Asp Asp
675

Ser Ser Pro
690

Leu Glu Val
705

Met Met Ser

Tyr Arg Met

<210> SEQ I
<211> LENGT.
<212> TYPE:

645

Asp Thr Gln Gly Val

660

Val Leu Phe Ala Leu

680

Arg Thr His Tyr Leu

695

Thr Asp Val Val Val
710

Val Tyr Ala Leu Ser

725

Leu Lys Thr Cys

740

D NO 9
H: 837
DNA

650

Ile Asn Ile
665

Asp Pro Tyr

Met Leu Leu

Asp Ala Thr
715

Ala Ile Ile
730

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Met Tyr Met
670

Asn Glu Val
685

Lys Asn Gly
700

Asp Ser Arg

Gly Ile Tyr

655

His Asp

Val Val

Thr Val

Leu Leu

720

Leu Leu
735

<223> OTHER INFORMATION: gL consensus nucleic acid sequence

<220> FEATU

RE:

<221> NAME/KEY: misc_feature

<222> LOCAT

ION: (1)..

(3)

<223> OTHER INFORMATION: n is a,

<400> SEQUE:
nnntgcaggce
tgctgectge
gagaaggtgce
cagggcgata
ccectgagec
ctggacgaag
geectgetga
tacagcgagt
ggctacgace
ttcgagetygyg
cggaccaaca
ctgttectacyg
cceetgetge
agagtgaacc
<210> SEQ I

<211> LENGT.
<212> TYPE:

NCE: 9

ggcecgactyg

tgctgeccat

cagccgagtyg

agtacgagag

agctgatceg

cctttetgga

cactgetgag

gcggegacgy

tgaccagact

tgcceccccag

gagcagtgceg

gectgtacaa

ggcacctgga
tgccegecaca
D NO 10

H: 278
PRT

cggcetteage

cgtgtectet

ccctgagetyg

ctggctgcgg

gtacagacce

cacactggec

cagcgatacc

atctceegec

gagctacgge

cctgttcaat

getgectgty

cgcegtgaaa

caagtactac

cagcagatac

ttcagcectyg

geegeegtgt

accagacggt

ccectggtea

gtgaccecety

ctgctgtaca

gececcagat

gtgtacacct

cggtecatet

gtggtggtgg

tccacecgety

gagttctgee

geeggectge

ggcectcagyg

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: gL consensus amino

<220> FEATU

RE:

<221> NAME/KEY: misc_feature

<222> LOCAT

ION: (1)..

(1)

geceegtgat
ctgtggecce
gtetgetggyg
acgtgaccgg
aggccgccaa
acaaccccga
ggatgaccgt
gtgtggacga
tcacagagca
ccatcecggaa
ctgctecaga
tgagacacca
ctceccgaget

cegtggacge

acid sequen

cctgetgtygy
tacagccgee
cgaggtgtte
cagagatgge
cagecgtgetyg
ccagetgegy
gatgcggggce
cctgtgeegy
cgtgetggge
cgaggccace
gggcatcacce
getggaccce
gaagcagacc

cagatga

ce

60

120

180

240

300

360

420

480

540

600

660

720

780

837

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUE:

NCE: 10

Xaa Cys Arg Arg Pro Asp Cys Gly Phe Ser Phe Ser Pro Gly Pro Val

1

5

10

15
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Ile Leu Leu
Val Ser Val
35

Glu Leu Thr
50

Tyr Glu Ser
65

Pro Leu Ser

Asn Ser Val

Tyr Asn Asn

115

Asp Thr Ala
130

Gly Asp Gly
145

Gly Tyr Asp

His Val Leu

Val Ala Ile

195

Pro Val Ser
210

Leu Tyr Asn
225

Pro Leu Leu

Leu Lys Gln

Gln Ala Val
275

<210> SEQ I
<211> LENGT.
<212> TYPE:

Trp Cys Cys Leu Leu

Ala Pro Thr Ala Ala

40

Arg Arg Cys Leu Leu

55

Trp Leu Arg Pro Leu

70

Gln Leu Ile Arg Tyr

85

Leu Leu Asp Glu Ala

100

Pro Asp Gln Leu Arg

120

Pro Arg Trp Met Thr

135

Ser Pro Ala Val Tyr
150

Leu Thr Arg Leu Ser

165

Gly Phe Glu Leu Val

180

Arg Asn Glu Ala Thr

200

Thr Ala Ala Ala Pro

215

Ala Val Lys Glu Phe
230

Arg His Leu Asp Lys

245

Thr Arg Val Asn Leu

260

Asp Ala Arg

D NO 11
H: 1419
DNA

Leu Pro Ile
25

Glu Lys Val

Gly Glu Val

Val Asn Val

75

Arg Pro Val
90

Phe Leu Asp
105

Ala Leu Leu

Val Met Arg

Thr Cys Val

155

Tyr Gly Arg
170

Pro Pro Ser
185

Arg Thr Asn

Glu Gly Ile

Cys Leu Arg

235

Tyr Tyr Ala
250

Pro Ala His
265

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Val Ser Ser
30

Pro Ala Glu
45

Phe Gln Gly
60

Thr Gly Arg

Thr Pro Glu

Thr Leu Ala

110

Thr Leu Leu
125

Gly Tyr Ser
140

Asp Asp Leu

Ser Ile Phe

Leu Phe Asn

190

Arg Ala Val
205

Thr Leu Phe
220

His Gln Leu

Gly Leu Pro

Ser Arg Tyr
270

Ala Ala

Cys Pro

Asp Lys

Asp Gly

80

Ala Ala

Leu Leu

Ser Ser

Glu Cys

Cys Arg

160

Thr Glu
175

Val Val

Arg Leu

Tyr Gly

Asp Pro
240

Pro Glu
255

Gly Pro

<223> OTHER INFORMATION: g0 consensus nucleic acid sequence

<220> FEATU

RE:

<221> NAME/KEY: misc_feature

<222> LOCAT

ION: (1)..

(3)

<223> OTHER INFORMATION: n is a,

<400> SEQUENCE: 11

nnnggcaaga

atcaccttte

cggcggagct

aaagaggaca

taccccagec

tacatcctgg

agcacccage

aagaaatgat

tgctgetgag

ggcectacac

tcctgaageg

agcagaaatt

ccggacccat

tgcggaagec

catggtcaag

cctgatcaac

cgtgctgage

getgatgage

ccacgecate

ccggaacgac

cgccaaatac

ggcatcccca

tgcaacgtge

taccggggea

accagcageg

gtgatcagca

agcatcaccc

gtgtacagcyg

agatcatget

tggtcaacag

aagagatcct

acggctaccyg

tggacaagtt

acatgtggtt

agtacaacca

getgatcage

caagggcaca

gaagaagcag

gttectgatg

ccceccaggac

cgacttctac

caccgcccac

60

120

180

240

300

360

420
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104

aagatcaccc
atgctgaacyg
ttcaacccca
aaagtgaacg
tacgcccaga
ttcegggtge
cggaagcagg
accacccect
tacagcgeca
agcaacttca
accaccctge
tccgagttcea
ggcaccctygyg
gccagcegaca
atcgacccce
agcctgeage
ctgagcacce
<210> SEQ I

<211> LENGT.
<212> TYPE:

tgcggectee
tgtccaageg
tgttcttcaa
tggacagcca
gaaactgcac
ccaagtacat
ccctggteaa
acctgageta
cagccgeagt
tgaagtccat
ggtacagaaa
tgaagaatac
acatgagcag
acaacgaaac
tgtgggacta
tgccegecta
tgaacagcct
D NO 12

H: 472
PRT

cecttgegge

gaacgacacc

cgtgcccegy

gaccatctac

ceggtectte

caacggcacc

agagcagccc

caccaccagc

gaccagagtyg

catggccacc

cgagcectte

ccacgtgetyg

cctgtactac

cacccecacce

cctggacage

cggcaacctyg

gtggtggtgg

accgtgccca gcatgaactg

ggcgagaagg gctgcggcaa

tggaacacca agctgtacat

tttetgggee tgaccgeect

tacctggtca acgccatgag

aagctgaaga acaccatgeg

cagaagaaga acaagaagtc

accgccttca acgtgaccac

gccaccteca ccaccggceta

cagctgaggyg acctggecac

tgcaagcceyg accggaacag

atccgcaacyg agacacccta

aacgagacaa tgagcgtcga

agccccagea cccggtteca

ctgetgttee tggacaagat

acccceecty aacacagaag

ctgcagtga

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

cctgagegag
cttcaccace
cggcagcaac
getgetgege
ccggaacctyg
gaagctgaag
ccagagcace
caacgtgacc
ceggeccgac
ctgggtgtac
aaccgecgty
caccatctac
gaacgagaca
geggaccette
ccggaactte

ggcegecaac

<223> OTHER INFORMATION: gO consensus amino acid sequence

<220> FEATU

RE:

<221> NAME/KEY: misc_feature

<222> LOCAT

ION: (1)..

(1)

<223> OTHER INFORMATION: Xaa can be

<400> SEQUENCE: 12

Xaa Gly Lys

Leu Leu Ile

Val Leu Val
35

Leu Ser Tyr
50

Leu Lys Arg
65

Tyr Pro Ser

Phe Pro Gln

Thr His Met

115

Lys Tyr Val
130

Arg Pro Pro
145

Met Leu Asn

Lys Glu Met Ile Met

5

Ser Ile Thr Phe Leu

20

Asn Ser Lys Gly Thr

40

Arg Gly Lys Glu Ile

55

Leu Met Ser Thr Ser

70

Gln Gln Lys Phe His

85

Asp Tyr Ile Leu Ala

100

Trp Phe Asp Phe Tyr

120

Tyr Ser Glu Tyr Asn

135

Pro Cys Gly Thr Val
150

Val Ser Lys Arg Asn

Val

Leu

25

Arg

Leu

Ser

Ala

Gly

105

Ser

His

Pro

Asp

any

Lys

10

Leu

Arg

Lys

Asp

Ile

90

Pro

Thr

Thr

Ser

Thr

naturally occur

Gly Ile Pro Lys
Ser Leu Ile Asn
30

Ser Trp Pro Tyr
45

Lys Gln Lys Glu
60

Gly Tyr Arg Phe
75

Val Ile Ser Met
Ile Arg Asn Asp
110

Gln Leu Arg Lys
125

Ala His Lys Ile
140

Met Asn Cys Leu
155

Gly Glu Lys Gly

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1419

ring amino acid

Ile Met

Cys Asn

Thr Val

Asp Ile

Leu Met

80

Asp Lys
95

Ser Ile

Pro Ala

Thr Leu

Ser Glu

160

Cys Gly
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-continued

165 170 175

Asn Phe Thr Thr Phe Asn Pro Met Phe Phe Asn Val Pro Arg Trp Asn
180 185 190

Thr Lys Leu Tyr Ile Gly Ser Asn Lys Val Asn Val Asp Ser Gln Thr
195 200 205

Ile Tyr Phe Leu Gly Leu Thr Ala Leu Leu Leu Arg Tyr Ala Gln Arg
210 215 220

Asn Cys Thr Arg Ser Phe Tyr Leu Val Asn Ala Met Ser Arg Asn Leu
225 230 235 240

Phe Arg Val Pro Lys Tyr Ile Asn Gly Thr Lys Leu Lys Asn Thr Met
245 250 255

Arg Lys Leu Lys Arg Lys Gln Ala Leu Val Lys Glu Gln Pro Gln Lys
260 265 270

Lys Asn Lys Lys Ser Gln Ser Thr Thr Thr Pro Tyr Leu Ser Tyr Thr
275 280 285

Thr Ser Thr Ala Phe Asn Val Thr Thr Asn Val Thr Tyr Ser Ala Thr
290 295 300

Ala Ala Val Thr Arg Val Ala Thr Ser Thr Thr Gly Tyr Arg Pro Asp
305 310 315 320

Ser Asn Phe Met Lys Ser Ile Met Ala Thr Gln Leu Arg Asp Leu Ala
325 330 335

Thr Trp Val Tyr Thr Thr Leu Arg Tyr Arg Asn Glu Pro Phe Cys Lys
340 345 350

Pro Asp Arg Asn Arg Thr Ala Val Ser Glu Phe Met Lys Asn Thr His
355 360 365

Val Leu Ile Arg Asn Glu Thr Pro Tyr Thr Ile Tyr Gly Thr Leu Asp
370 375 380

Met Ser Ser Leu Tyr Tyr Asn Glu Thr Met Ser Val Glu Asn Glu Thr
385 390 395 400

Ala Ser Asp Asn Asn Glu Thr Thr Pro Thr Ser Pro Ser Thr Arg Phe
405 410 415

Gln Arg Thr Phe Ile Asp Pro Leu Trp Asp Tyr Leu Asp Ser Leu Leu
420 425 430

Phe Leu Asp Lys Ile Arg Asn Phe Ser Leu Gln Leu Pro Ala Tyr Gly
435 440 445

Asn Leu Thr Pro Pro Glu His Arg Arg Ala Ala Asn Leu Ser Thr Leu
450 455 460

Asn Ser Leu Trp Trp Trp Leu Gln
465 470

<210> SEQ ID NO 13

<211> LENGTH: 516

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: UL128 consensus nucleic acid sequence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(3)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 13
nnnagcccca aggatctgac cectttectyg accgecctgt ggetgetect gggecacage 60
agagtgccta gagtgeggge cgaggaatge tgegagttea tcaacgtgaa ccaccccccce 120

gagcggtget acgacttcaa gatgtgcaac cggttcacceg tggctctgag atgecccgac 180
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108

-continued
ggcgaagtgt gctacagcce cgagaaaacc gccgagatce ggggcatcegt gaccaccatg 240
acccacagcece tgaccagaca ggtggtgcat aacaagctga ccagttgcaa ctacaaccce 300
ctgtacctgg aagccgacgg ccggatcaga tgcggcaaag tgaacgacaa ggcccagtac 360
ctgcetgggeg ctgcaggcag tgtgcectac agatggatca acctggaata cgacaagatce 420
acccggateg tgggectgga ccagtacctg gaaagcgtga agaagcacaa gcggetggac 480
gtgtgcecggyg ccaagatggg ctacatgctg cagtga 516

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 14
H: 171
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: UL128 consensus amino acid sequence

<220> FEATU

RE:

RE:

<221> NAME/KEY: misc_feature

<222> LOCAT

ION: (1)..

(1)

<223> OTHER INFORMATION: Xaa can be

<400> SEQUENCE: 14

Xaa Ser Pro
1

Leu Gly His
Phe Ile Asn
35

Cys Asn Arg
50

Tyr Ser Pro
65

Thr His Ser

Asn Tyr Asn

Lys Val Asn
115

Pro Tyr Arg
130

Gly Leu Asp
145

Val Cys Arg

<210> SEQ I
<211> LENGT.
<212> TYPE:

Lys Asp Leu Thr Pro

5

Ser Arg Val Pro Arg

20

Val Asn His Pro Pro

40

Phe Thr Val Ala Leu

55

Glu Lys Thr Ala Glu

70

Leu Thr Arg Gln Val

85

Pro Leu Tyr Leu Glu

100

Asp Lys Ala Gln Tyr

120

Trp Ile Asn Leu Glu

135

Gln Tyr Leu Glu Ser
150

Ala Lys Met Gly Tyr

165
D NO 15
H: 646

DNA

Phe

Val

25

Glu

Arg

Ile

Val

Ala

105

Leu

Tyr

Val

Met

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: UL130 consensus amino acid sequence

<220> FEATU

RE:

RE:

<221> NAME/KEY: misc_feature

<222> LOCAT

ION: (1)..

(3)

<223> OTHER INFORMATION: n is a,

<400> SEQUENCE: 15

nnngctgegyg ctgctgetge ggcaccactt

caccecttgt ctggecagee cttggageac

ctggtccaag ctgacctaca gcaageccca

ccactgectyg ctgctgtgtyg cegtgtggge

any

Leu

10

Arg

Arg

Cys

Arg

His

90

Asp

Leu

Asp

Lys

Leu
170

naturally occurring

Thr

Ala

Cys

Pro

Gly

75

Asn

Gly

Gly

Lys

Lys

155

Gln

cctgaccgec

cgacgecget

Ala

Glu

Tyr

Asp

Ile

Lys

Arg

Ala

Ile

140

His

aaccagaacc ctagcccccc

accttcectact geccattect

Leu

Glu

Asp

45

Gly

Val

Leu

Ile

Ala

125

Thr

Lys

Trp

Cys

30

Phe

Glu

Thr

Thr

Arg

110

Gly

Arg

Arg

Leu

15

Cys

Lys

Val

Thr

Ser

95

Cys

Ser

Ile

Leu

amino acid

Leu

Glu

Met

Cys

Met

80

Cys

Gly

Val

Val

Asp
160

60

120

180
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110

-continued
gtaccccage ccteccagaa gcoccectgca gttcagegge ttecageggg tgtcecacegyg 240
ccctgagtge cggaacgaga cactgtacct getgtacaac cgecgagggece agaccctggt 300
ggaacggtct agcacctggg tcaagaaagt gatctggtat ctgageggec ggaaccagac 360
catcctgcag cggatgectce ggaccgecag caagectage gacggcaacyg tgcagatcag 420
cgtggaagat gccaaaatct tcggcgecca catggtgecce aagcagacca agcetgetgag 480
attcgtggte aacgacggca ccagatacca gatgtgegtyg atgaagctgg aaagetggge 540
ccacgtgtte cgggactaca gecgtgtcatt ccaggtccga ctgaccttca ccgaggccaa 600
caaccagacc tacaccttct gcacccaccce caacctgatce gtctga 646
<210> SEQ ID NO 16
<211> LENGTH: 214
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: UL130 consensus amino acid sequence
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1).. (1)
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<400> SEQUENCE: 16
Xaa Leu Arg Leu Leu Leu Arg His His Phe His Cys Leu Leu Leu Cys
1 5 10 15
Ala Val Trp Ala Thr Pro Cys Leu Ala Ser Pro Trp Ser Thr Leu Thr
20 25 30
Ala Asn Gln Asn Pro Ser Pro Pro Trp Ser Lys Leu Thr Tyr Ser Lys
35 40 45
Pro His Asp Ala Ala Thr Phe Tyr Cys Pro Phe Leu Tyr Pro Ser Pro
50 55 60
Pro Arg Ser Pro Leu Gln Phe Ser Gly Phe Gln Arg Val Ser Thr Gly
65 70 75 80
Pro Glu Cys Arg Asn Glu Thr Leu Tyr Leu Leu Tyr Asn Arg Glu Gly
85 90 95
Gln Thr Leu Val Glu Arg Ser Ser Thr Trp Val Lys Lys Val Ile Trp
100 105 110
Tyr Leu Ser Gly Arg Asn Gln Thr Ile Leu Gln Arg Met Pro Arg Thr
115 120 125
Ala Ser Lys Pro Ser Asp Gly Asn Val Gln Ile Ser Val Glu Asp Ala
130 135 140
Lys Ile Phe Gly Ala His Met Val Pro Lys Gln Thr Lys Leu Leu Arg
145 150 155 160
Phe Val Val Asn Asp Gly Thr Arg Tyr Gln Met Cys Val Met Lys Leu
165 170 175
Glu Ser Trp Ala His Val Phe Arg Asp Tyr Ser Val Ser Phe Gln Val
180 185 190
Arg Leu Thr Phe Thr Glu Ala Asn Asn Gln Thr Tyr Thr Phe Cys Thr
195 200 205
His Pro Asn Leu Ile Val
210
<210> SEQ ID NO 17
<211> LENGTH: 390
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: ULl3la consensus nucleic acid sequence
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112

<220>
<221>
<222>
<223>

<400>

-continued
FEATURE:
NAME/KEY: misc_feature
LOCATION: (1)..(3)

OTHER INFORMATION: n is a, ¢, g, or t

SEQUENCE: 17

nnnagactgt gcagagtgtg gctgagegtyg tgcctgtgeg cegtggtget gggecagtge

cagagagaga cagccgagaa gaacgactac taccgggtge cccactactg ggacgcectge

tctagagece tgcccgacca gacccggtac aaatacgtgg aacagetggt ggacctgacce

ctgaactacce actacgacge cagccacgge ctggacaact tegacgtget gaageggatce

aacgtgaccyg aggtgtccct getgatcage gactteegge ggcagaacag aagaggcegge

accaacaagc ggactacctt caacgecget ggcagectgg cecctcacge cagatcectg

gaattcagceg tgcggctgtt cgccaactga

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 18

LENGTH: 129

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: ULl3la consensus amino acid sequence
FEATURE:

NAME/KEY: misc_feature

LOCATION: (1)..(1)

60

120

180

240

300

360

390

OTHER INFORMATION: Xaa can be any naturally occurring amino acid

SEQUENCE: 18

Xaa Arg Leu Cys Arg Val Trp Leu Ser Val Cys Leu Cys Ala Val Val

Leu Gly Gln Cys Gln Arg Glu Thr Ala Glu Lys Asn Asp Tyr Tyr Arg

20 25 30

Val Pro His Tyr Trp Asp Ala Cys Ser Arg Ala Leu Pro Asp Gln Thr

35 40 45

Arg Tyr Lys Tyr Val Glu Gln Leu Val Asp Leu Thr Leu Asn Tyr His

50

55 60

Tyr Asp Ala Ser His Gly Leu Asp Asn Phe Asp Val Leu Lys Arg Ile

65

Asn Val Thr Glu Val Ser Leu Leu Ile Ser Asp Phe Arg Arg Gln Asn

85 90 95

Arg Arg Gly Gly Thr Asn Lys Arg Thr Thr Phe Asn Ala Ala Gly Ser

100 105 110

Leu Ala Pro His Ala Arg Ser Leu Glu Phe Ser Val Arg Leu Phe Ala

Asn

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

115 120 125

SEQ ID NO 19

LENGTH: 1687

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: UL83 consensus nucleic acid sequence
FEATURE:

NAME/KEY: misc_feature

LOCATION: (1) ..(3)

OTHER INFORMATION: n is a, ¢, g, or t

SEQUENCE: 19

nnntgagagt cgcgggcgga gatgcectga aatgatcage gtgctgggeco caatttecgg

gecatgtgetyg aaggccgtet tcetecegegyg agacacccee gtgectgecte acgagacaag

60

120
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114

-continued
actgctgcag actggcatcce atgtgagggt cteccageca tcetctgatte tggtgtcetca 180
gtacacccca gatagtacac cctgccacag aggggacaac cagctgcagg tgcagcatac 240
ctacttcacce ggatcagagg tcgaaaatgt gagcgtcaac gtgcacaatc ccacaggcag 300
gagtatctgt ccttcacagg agccaatgag catctacgtg tacgccctge cectgaaaat 360
gctgaacate cctagcatta atgtgcacca ttaccectce gecgctgaac gaaagcaccyg 420
gcatctgect gtggcagatg ccgtcatcca tgcttcagge aaacagatgt ggcaggcacy 480
actgaccgtg agcggactgg catggacacg acagcagaac cagtggaagyg agccagacgt 540
gtactatact agcgectteg tgttccccac caaagacgtg gecctgegac acgtggtetg 600
cgcacatgag ctggtgtgct ctatggaaaa tactcgggec accaagatgce aggtcattgg 660
cgatcagtac gtcaaagtgt atctggagtce cttttgtgaa gacgtgccct ctgggaaget 720
gttecatgcac gtgaccctgg gaagcgatgt cgaggaagac ctgactatga cccggaaccce 780
acagcecttt atgagacctc acgagaggaa cggcttcact gtgcectgtgece caaagaatat 840
gatcattaag cccgggaaaa tctctcatat tatgetggat gtggecttta caagtcacga 900
gecatttegga ctgctgtgee ccaaaagcat cectgggetyg tcaattageg gaaacctget 960
gatgaatggc cagcagatct ttctggaagt gcaggccatt cgagagaccg tcgaactgceg 1020
acagtacgac ccagtggcag ccctgttctt tttecgatatc gacctgctge tgcagagagg 1080
ccetcagtat agtgagcacc caacattcac ttcacagtac aggattcagg ggaagctgga 1140
gtatcggcac acttgggata gacatgacga aggagctgca cagggcgacg atgacgtgtg 1200
gacctcegge tctgatagtg acgaggaact ggtgaccaca gagcgaaaaa ctccccegggt 1260
gaccggagga ggagctatgg caggagcatc aaccagegcec ggacgaaaga gaaaaagcgce 1320
cagcagcgee acagcatgca ctgcaggegt gatgacaagg gggcgcectga aggcagaatce 1380
cacagtcgee cctgaggaag atactgacga ggattctgac aacgaaatcc acaatccage 1440
cgtgttcacce tggccacctt ggcaggcagg aattctggct cgcaatctgg tcecctatggt 1500
ggccactgte cagggacaga acctgaagta ccaggagttt ttctgggatg ctaatgacat 1560
ctatcggatt ttcgcagagce tggaaggcgt gtggcagcca gcagctcagce caaaaaggcg 1620
ccgacacaga caggacgcac tgcctggacce atgtatcgec tccaccccaa agaaacatag 1680
gggctga 1687

<210> SEQ ID NO 20
<211> LENGTH: 561

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: UL83 consensus

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..

<400> SEQUENCE: 20

Xaa Glu Ser Arg

Pro Ile Ser Gly

Pro Val Leu Pro

35

Arg Val Ser Gln

50

5

20

(1)
<223> OTHER INFORMATION: Xaa can be any naturally occurring

Gly Arg Arg Cys

His Val Leu Lys

His Glu Thr Arg

40

Pro Ser Leu Ile

55

Pro Glu Met
10

Ala Val Phe
25

Leu Leu Gln

Leu Val Ser

Ile Ser Val
Ser Arg Gly
30

Thr Gly Ile
45

Gln Tyr Thr
60

amino acid sequence

Leu Gly
15
Asp Thr

His Val

Pro Asp

amino acid
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115

-continued

116

Ser

Tyr

Pro

Ala
145

Leu

Glu

Glu

Lys

225

Phe

Thr

Thr

Leu
305

Met

Ile

Phe

Trp

385

Thr

Thr

Ala

Gly

Glu
465

Thr

Phe

Thr

Tyr

His

130

Asp

Thr

Pro

Ala

Asn

210

Val

Met

Arg

Val

Ile

290

Cys

Asn

Glu

Asp

Thr

370

Asp

Ser

Pro

Gly

Val

450

Glu

Pro

Thr

Gly

Ala

115

Tyr

Ala

Val

Asp

Leu

195

Thr

Tyr

His

Asn

Leu

275

Met

Pro

Gly

Leu

Leu

355

Ser

Arg

Gly

Arg

Arg

435

Met

Asp

Cys

Gly

Arg

100

Leu

Pro

Val

Ser

Val

180

Arg

Arg

Leu

Val

Pro

260

Cys

Leu

Lys

Gln

Arg

340

Leu

Gln

His

Ser

Val
420
Lys

Thr

Thr

His

Ser

85

Ser

Pro

Ser

Ile

Gly

165

Tyr

His

Ala

Glu

Thr

245

Gln

Pro

Asp

Ser

Gln

325

Gln

Leu

Tyr

Asp

Asp

405

Thr

Arg

Arg

Asp

Arg

Glu

Ile

Leu

Ala

His

150

Leu

Tyr

Val

Thr

Ser

230

Leu

Pro

Lys

Val

Ile

310

Ile

Tyr

Gln

Arg

Glu

390

Ser

Gly

Lys

Gly

Glu
470

Gly Asp Asn Gln Leu Gln Val Gln His
75

Val Glu Asn Val Ser Val Asn Val His
90 95

Cys Pro Ser Gln Glu Pro Met Ser Ile
105 110

Lys Met Leu Asn Ile Pro Ser Ile Asn
120 125

Ala Glu Arg Lys His Arg His Leu Pro
135 140

Ala Ser Gly Lys Gln Met Trp Gln Ala
155

Ala Trp Thr Arg Gln Gln Asn Gln Trp
170 175

Thr Ser Ala Phe Val Phe Pro Thr Lys
185 190

Val Cys Ala His Glu Leu Val Cys Ser
200 205

Lys Met Gln Val Ile Gly Asp Gln Tyr
215 220

Phe Cys Glu Asp Val Pro Ser Gly Lys
235

Gly Ser Asp Val Glu Glu Asp Leu Thr
250 255

Phe Met Arg Pro His Glu Arg Asn Gly
265 270

Asn Met Ile Ile Lys Pro Gly Lys Ile
280 285

Ala Phe Thr Ser His Glu His Phe Gly
295 300

Pro Gly Leu Ser Ile Ser Gly Asn Leu
315

Phe Leu Glu Val Gln Ala Ile Arg Glu
330 335

Asp Pro Val Ala Ala Leu Phe Phe Phe
345 350

Arg Gly Pro Gln Tyr Ser Glu His Pro
360 365

Ile Gln Gly Lys Leu Glu Tyr Arg His
375 380

Gly Ala Ala Gln Gly Asp Asp Asp Val
395

Asp Glu Glu Leu Val Thr Thr Glu Arg
410 415

Gly Gly Ala Met Ala Gly Ala Ser Thr
425 430

Ser Ala Ser Ser Ala Thr Ala Cys Thr
440 445

Arg Leu Lys Ala Glu Ser Thr Val Ala
455 460

Asp Ser Asp Asn Glu Ile His Asn Pro
475

Thr

80

Asn

Tyr

Val

Val

Arg

160

Lys

Asp

Met

Val

Leu

240

Met

Phe

Ser

Leu

Leu

320

Thr

Asp

Thr

Thr

Trp

400

Lys

Ser

Ala

Pro

Ala
480
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-continued

118

Val Phe Thr

Val Pro Met

Phe Phe Trp

515

Gly Val Trp
530

Asp Ala Leu
545

Gly
<210> SEQ I

<211> LENGT.
<212> TYPE:

Trp Pro Pro Trp Gln

485

Val Ala Thr Val Gln

500

Asp Ala Asn Asp Ile

520

Gln Pro Ala Ala Gln

535

Pro Gly Pro Cys Ile
550

D NO 21
H: 2775
DNA

Ala Gly Ile
490

Gly Gln Asn
505

Tyr Arg Ile

Pro Lys Arg

Ala Ser Thr
555

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 21

atggactgga

agaatctggt

tccageagea

agcgeegecc

gtgtcccace

ggagtgaaca

atcagattcg

gagggcatca

taccagaagg

ggcagcaaca

agccagtget

cgggacagcet

agcaccagat

agagagacat

taccacttct

accaaccgga

tacaccatcg

gectttetgy

acctgecage

agctaccact

aacatgagcg

atcttcaaca

acaacaggcg

gaacggctgg

ggcaacaata

ctgcagttca

cctggatect

gectggtegt

gcacccgggg

acagccggag

gggccaacga

ccaccaagta

agcggaacat

tggtggtgta

tgctgacctt

ccgagtacgt

acagcagcta

acgagaacaa

acgtgaccgt

gcaacctgaa

tcgecaccag

acgccageta

tgtccgactt

aacgggccga

tgaccttetyg

tcagcagege

acagcgeect

ccagctacaa

gCCtggtggt

ccaacagaag

ccacccacct

cctacgacac

gttectggty

gtgegtgaac

cacaagcgec

cggaagcgtg

gacaatctac

ccectacaga

cgtgtgtace

caagagaaac

ccggcecggage

ggceccctece

cagccgegty

gaccatgcag

gaaggaccag

ctgcatggte

caccggegac

ctteggegag

cggcagaccc

cagcgtgatce

ggaggctagc

caagatgacc

ggactgcgtg

ccagacctac

gttetggcag

cagcctgaac

gagcaacatg

CCthggggC

gecegetgeca

ctgtgcateg

acacacagcc

agcagccage

aacaccaccc

gtgtgcagca

agcatgaagc

atcgtggece

tacgcctaca

atgtgggaga

atcgceggea

ctgatgeeeg

tggcacagec

accatcacca

gtggtggaca

aacgccgaca

aacagcgecec

agctgggaca

gagcggacca

gccaccttee

cgggatgagg

gagaagtatg

ggcatcaage

ctgacccace

gaaagcgtece

tacatcaacc

Leu Ala Arg
Leu Lys Tyr
510

Phe Ala Glu
525

Arg Arg His
540

Pro Lys Lys

cacgggtgca
tgtgcctggy
accacagcag
gggtgaccag
tgaagtacgg
tggceccaggg
ccatcaacga
acaccttcaa
tccacaccac
tccaccacat
cegtgttegt
acgactacag
ggggaagcac
ccgecagaag
tcagcececett
agttcttcat
ctgagacaca
tccaggacga
tcagaagcga
tgagcaagaa
ccatcaacaa
gcaacgtgte
agaagtcect

ggaccaagcg

acaacctggt

gggCCCtggC

Asn Leu
495

Gln Glu

Leu Glu

Arg Gln

His Arg
560

cagcgagage
agccgecgty
ccacaccace
cagcgaggec
cgacgtegty
caccgacctyg
ggacctggac
agtgegggtyg
ctacctgetyg
caacagccac
ggcctaccac
caacacccac
ctggetgtac
caagtaccct
ctacaacggce
ctteccccaac
ceggetggtyg
gaagaacgtg
ggcegaggac
acaggaagtyg
getgcageag
cgtgttegag
ggtcgagetg
gagcaccgac
gtacgcccag

ccagatcgee

IgE leader + gB consensus nucleic acid sequence

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560
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120

-continued
gaggcttggt gtgtggacca gcggcggacce ctggaagtgt tcaaagagct gagcaagatce 1620
aaccccageg ccatcctgag cgccatctac aacaagcecta tegecgcecag attcatggge 1680
gacgtgcetygyg gectggcecag ctgegtgace atcaaccaga ccagcegtgaa ggtgetgegyg 1740
gacatgaacg tgaaagaaag ccccggcaga tgctactcca gacccegtggt catcttcaac 1800
ttcgccaaca gectectacgt gcagtacgge cagetgggceg aggacaacga gatcctgetg 1860
ggaaaccacc ggaccgagga atgccagetg cccagectga agatctttat cgecggcaac 1920
agcgcctacg agtatgtgga ctacctgttce aagcggatga tcgacctgag cagcatcagce 1980
accgtggaca gcatgatcge cctggacatce gaccccectgg aaaacaccga ctteegggtyg 2040
ctggaactgt acagccagaa agagctgegg agcagcaacyg tgttcgacct ggaagagatce 2100
atgcgcgagt tcaacagcta caagcagege gtgaaatacyg tcgaggacaa ggtggtggac 2160
ccectgeccee cctacctgaa gggcctggac gacctgatga geggectggyg agetgetgge 2220
aaggccgtgg gagtggecat tggagetgtg ggcggagecyg tggcecagegt ggtggaagge 2280
gtggccacct ttctgaagaa cceccttegge gecttcacca tcatcctggt ggctatcgece 2340
gtcgtgatca tcacctacct gatctacacc cggcagcggce ggctgtgtac ccagectcetg 2400
cagaacctgt tccectacct ggtgteegee gacggcacca ccegtgacaag cggctcecace 2460
aaggacacca gcctgcagge cccacccage tacgaggaat ccegtgtacaa cageggccgg 2520
aagggcccag gccctectag ctetgacgece tcetacagecg cceccacccta caccaacgag 2580
caggcctace agatgcetgct ggccctgget agactggacyg ccgagcagag agcccagcag 2640
aacggaaccg acagcectgga tggccagacce ggcacccagg acaagggceca gaagceccaac 2700
ctgctggace ggctgeggca cagaaagaac ggctaccgge acctgaagga cagcgacgaa 2760
gaggaaaacg tgtga 2775

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 22
H: 924
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: IgE lea

<400> SEQUENCE: 22

Met Asp Trp
1

His Ser Glu
Ile Val Cys
35

Ser Ala Thr
50

Ser Arg Ser
65

Gly Asp Val
Ser Met Ala
115

Cys Thr Ser
130

Thr Trp Ile Leu Phe

5

Ser Arg Ile Trp Cys

20

Leu Gly Ala Ala Val

His Ser His His Ser

55

Gly Ser Val Ser Ser

70

Arg Ala Asn Glu Thr

85

Val Gly Val Asn Thr

100

Gln Gly Thr Asp Leu

120

Met Lys Pro Ile Asn

135

der + gB consensus amino acid sequence

Leu Val Ala
10

Leu Val Val
25

Ser Ser Ser

Ser His Thr

Gln Arg Val
75

Ile Tyr Asn
90

Thr Lys Tyr
105

Ile Arg Phe

Glu Asp Leu

Ala Ala Thr
Cys Val Asn
30

Ser Thr Arg
45

Thr Ser Ala
60

Thr Ser Ser

Thr Thr Leu

Pro Tyr Arg

110

Glu Arg Asn
125

Asp Glu Gly
140

Arg Val
15

Leu Cys

Gly Thr

Ala His

Glu Ala
80

Lys Tyr
95
Val Cys

Ile Val

Ile Met



121

US 9,994,619 B2

-continued

122

145

Tyr

Thr

Glu

Arg

Glu

225

Ser

Thr

Thr

Gly

Ala

305

Tyr

Asp

Ala

Ser

385

Asn

Lys

Tyr

Trp

Asn

465

Gly

Asn

Arg

Ile

545

Asp

Val

Gln

Tyr

Ile

Val

210

Asn

Thr

Trp

Thr

Asp

290

Ser

Thr

Arg

Ile

Ser

370

Ser

Met

Leu

Gly

Gln

450

Arg

Asn

Tyr

Arg

Thr
530

Leu

Val

Tyr

Lys

Leu

His

195

Ile

Lys

Arg

Leu

Ala

275

Val

Tyr

Ile

Leu

Gln

355

Glu

Ala

Ser

Gln

Asn

435

Gly

Ser

Asn

Ala

Ala
515
Leu

Ser

Leu

Lys

Val

Leu

180

His

Ala

Thr

Tyr

Tyr

260

Arg

Val

Phe

Val

Val

340

Asp

Arg

Lys

Asp

Gln

420

Val

Ile

Ser

Thr

Gln

500

Leu

Glu

Ala

Gly

Arg

Leu

165

Gly

Ile

Gly

Met

Val

245

Arg

Ser

Asp

Gly

Ser

325

Ala

Glu

Thr

Met

Ser

405

Ile

Ser

Lys

Leu

Thr

485

Leu

Ala

Val

Ile

Leu

Asn

150

Thr

Ser

Asn

Thr

Gln

230

Thr

Glu

Lys

Ile

Glu

310

Asp

Phe

Lys

Ile

Thr

390

Ala

Phe

Val

Gln

Asn

470

His

Gln

Gln

Phe

Tyr
550

Ala

Ile

Phe

Asn

Ser

Val

215

Leu

Val

Thr

Tyr

Ser

295

Asn

Phe

Leu

Asn

Arg

375

Ala

Leu

Asn

Phe

Lys

455

Leu

Leu

Phe

Ile

Lys
535

Asn

Ser

Val

Arg

Thr

His

200

Phe

Met

Lys

Cys

Pro

280

Pro

Ala

Gly

Glu

Val

360

Ser

Thr

Asp

Thr

Glu

440

Ser

Thr

Ser

Thr

Ala
520
Glu

Lys

Cys

Ala

Arg

Glu

185

Ser

Val

Pro

Asp

Asn

265

Tyr

Phe

Asp

Arg

Arg

345

Thr

Glu

Phe

Cys

Ser

425

Thr

Leu

His

Asn

Tyr

505

Glu

Leu

Pro

Val

His

Ser

170

Tyr

Gln

Ala

Asp

Gln

250

Leu

His

Tyr

Lys

Pro

330

Ala

Cys

Ala

Leu

Val

410

Tyr

Thr

Val

Arg

Met

490

Asp

Ala

Ser

Ile

Thr

Thr

155

Tyr

Val

Cys

Tyr

Asp

235

Trp

Asn

Phe

Asn

Phe

315

Asn

Asp

Gln

Glu

Ser

395

Arg

Asn

Gly

Glu

Thr

475

Glu

Thr

Trp

Lys

Ala
555

Ile

Phe

Ala

Ala

Tyr

His

220

Tyr

His

Cys

Phe

Gly

300

Phe

Ser

Ser

Leu

Asp

380

Lys

Asp

Gln

Gly

Leu

460

Lys

Ser

Leu

Cys

Ile
540

Ala

Asn

Lys

Tyr

Pro

Ser

205

Arg

Ser

Ser

Met

Ala

285

Thr

Ile

Ala

Val

Thr

365

Ser

Lys

Glu

Thr

Leu

445

Glu

Arg

Val

Arg

Val

525

Asn

Arg

Gln

Val

Ile

Pro

190

Ser

Asp

Asn

Arg

Val

270

Thr

Asn

Phe

Leu

Ile

350

Phe

Tyr

Gln

Ala

Tyr

430

Val

Arg

Ser

His

Gly

510

Asp

Pro

Phe

Thr

Arg

His

175

Met

Tyr

Ser

Thr

Gly

255

Thr

Ser

Arg

Pro

Glu

335

Ser

Trp

His

Glu

Ile

415

Glu

Val

Leu

Thr

Asn

495

Tyr

Gln

Ser

Met

Ser

Val

160

Thr

Trp

Ser

Tyr

His

240

Ser

Ile

Thr

Asn

Asn

320

Thr

Trp

Glu

Phe

Val

400

Asn

Lys

Phe

Ala

Asp

480

Leu

Ile

Arg

Ala

Gly
560

Val
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123

-continued

124

Lys

Ser

Tyr

Thr

625

Ser

Ser

Leu

Leu

Asn

705

Pro

Gly

Ala

Phe

Thr

785

Gln

Ser

Glu

Asp

Met

865

Asn

Gln

Arg

<210>
<211>
<212>
<213>
<220>
<223>

Val

Arg

Gly

610

Glu

Ala

Ser

Glu

Arg

690

Ser

Leu

Ala

Val

Gly

770

Tyr

Asn

Gly

Ser

Ala

850

Leu

Gly

Lys

His

Leu

Pro

595

Gln

Glu

Tyr

Ile

Asn

675

Ser

Tyr

Pro

Ala

Ala

755

Ala

Leu

Leu

Ser

Val

835

Ser

Leu

Thr

Pro

Leu
915

Arg

580

Val

Leu

Cys

Glu

Ser

660

Thr

Ser

Lys

Pro

Gly

740

Ser

Phe

Ile

Phe

Thr

820

Tyr

Thr

Ala

Asp

Asn

900

Lys

<400> SEQUENCE:

atggattgga cctggatcct gttectggtyg geegetgeta cecgggteca cagtgcacece

565

Asp

Val

Gly

Gln

Tyr

645

Thr

Asp

Asn

Gln

Tyr

725

Lys

Val

Thr

Tyr

Pro

805

Lys

Asn

Ala

Leu

Ser

885

Leu

Asp

SEQ ID NO 23
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

1170

23

Met

Ile

Glu

Leu

630

Val

Val

Phe

Val

Arg

710

Leu

Ala

Val

Ile

Thr

790

Tyr

Asp

Ser

Ala

Ala

870

Leu

Leu

Ser

570 575

Asn Val Lys Glu Ser Pro Gly Arg Cys
585 590

Phe Asn Phe Ala Asn Ser Ser Tyr Val
600 605

Asp Asn Glu Ile Leu Leu Gly Asn His
615 620

Pro Ser Leu Lys Ile Phe Ile Ala Gly
635

Asp Tyr Leu Phe Lys Arg Met Ile Asp
650 655

Asp Ser Met Ile Ala Leu Asp Ile Asp
665 670

Arg Val Leu Glu Leu Tyr Ser Gln Lys
680 685

Phe Asp Leu Glu Glu Ile Met Arg Glu
695 700

Val Lys Tyr Val Glu Asp Lys Val Val
715

Lys Gly Leu Asp Asp Leu Met Ser Gly
730 735

Val Gly Val Ala Ile Gly Ala Val Gly
745 750

Glu Gly Val Ala Thr Phe Leu Lys Asn
760 765

Ile Leu Val Ala Ile Ala Val Val Ile
775 780

Arg Gln Arg Arg Leu Cys Thr Gln Pro
795

Leu Val Ser Ala Asp Gly Thr Thr Val
810 815

Thr Ser Leu Gln Ala Pro Pro Ser Tyr
825 830

Gly Arg Lys Gly Pro Gly Pro Pro Ser
840 845

Pro Pro Tyr Thr Asn Glu Gln Ala Tyr
855 860

Arg Leu Asp Ala Glu Gln Arg Ala Gln
875

Asp Gly Gln Thr Gly Thr Gln Asp Lys
890 895

Asp Arg Leu Arg His Arg Lys Asn Gly
905 910

Asp Glu Glu Glu Asn Val
920

IgE leader + gM consensus nucleic acid sequence

Tyr

Gln

Arg

Asn

640

Leu

Pro

Glu

Phe

Asp

720

Leu

Gly

Pro

Ile

Leu

800

Thr

Glu

Ser

Gln

Gln

880

Gly

Tyr



125

US 9,994,619 B2

126

-continued
agccacgtgg acaaagtgaa cacccggact tggagcgeca gcategtgtt catggtgcetg 120
accttegtga atgtgtcegt ccacctggtg ctgagcaact tcccccacct gggctaccce 180
tgegtgtact accacgtggt ggacttcgag cggctgaaca tgagcgcecta caacgtgatg 240
catctgcaca cccccatget gtttctggac agegtgcage tegtgtgeta cgeegtgttt 300
atgcagcetgg tgttectgge cgtgaccate tactaccteg tgtgctggat caagatttcet 360
atgcggaagg acaagggcat gagcctgaac cagagcaccce gggacatcag ctacatggge 420
gacagcctga ccgecttect gttcatcetg agcatggaca ccttccaget gttcacccetg 480
accatgagct tccggetgcece cagcatgatce gectttatgg cegecgteca cttettetgt 540
ctgaccatct tcaacgtgtc catggtcacce cagtacagaa gctacaagceyg gagcectgtte 600
ttettecagte ggctgcacce caagctgaag ggcaccgtece agttccggac cctgategtg 660
aacctggtgg aagtggccct gggcttcaac accaccgtgyg tggctatgge tetgtgetac 720
ggctteggea acaacttctt cgtgeggaca ggccacatgg tgctggecgt gttegtggtg 780
tacgccatta tcagcatcat ctactttetg ctgatcgagg cegtgttett ccagtacgtg 840
aaggtgcagt tcggctacca cctgggegece ttttteggee tgtgeggect gatctaccce 900
atcgtgcagt acgacacctt cctgagcaac gagtaccgga ccggcatcag ctggtectte 960
ggcatgctgt tcettcatctg ggccatgttce accacctgte gggccecgtgceg gtacttcaga 1020
ggcagaggca gcggctcecegt gaagtaccag gecctggeca cagccagegg cgaagaagtyg 1080
geegecctga gecaccacga cagectggaa agcagacgge tgagagagga agaggacgac 1140
gacgacgatg aggacttcga ggacgcctga 1170

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 24
H: 389
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: IgE lea

<400> SEQUENCE: 24

Met Asp Trp
1

His Ser Ala
Ala Ser Ile

35
Leu Val Leu
His Val Val
65

His Leu His

Tyr Ala Val

Leu Val Cys

115

Leu Asn Gln
130

Ala Phe Leu
145

Thr Trp Ile Leu Phe

Pro Ser His Val Asp

20

Val Phe Met Val Leu

40

Ser Asn Phe Pro His

55

Asp Phe Glu Arg Leu

70

Thr Pro Met Leu Phe

85

Phe Met Gln Leu Val

100

Trp Ile Lys Ile Ser

120

Ser Thr Arg Asp Ile

135

Phe Ile Leu Ser Met
150

der + gM consensus amino acid sequence

Leu Val Ala
10

Lys Val Asn
25

Thr Phe Val

Leu Gly Tyr

Asn Met Ser
75

Leu Asp Ser
90

Phe Leu Ala
105

Met Arg Lys

Ser Tyr Met

Asp Thr Phe
155

Ala Ala Thr
Thr Arg Thr
30

Asn Val Ser
45

Pro Cys Val
60

Ala Tyr Asn

Val Gln Leu
Val Thr Ile
110

Asp Lys Gly
125

Gly Asp Ser
140

Gln Leu Phe

Arg Val
15

Trp Ser

Val His

Tyr Tyr

Val Met

80

Val Cys

95

Tyr Tyr

Met Ser

Leu Thr

Thr Leu
160
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-continued

128

Thr Met Ser

His Phe Phe

Arg Ser Tyr

195

Leu Lys Gly
210

Val Ala Leu
225

Gly Phe Gly

Val Phe Val

Glu Ala Val

275

Gly Ala Phe
290

Asp Thr Phe
305

Gly Met Leu

Arg Tyr Phe

Ala Thr Ala

355

Leu Glu Ser
370

Asp Phe Glu
385

<210> SEQ I
<211> LENGT.
<212> TYPE:

Phe Arg Leu Pro Ser

165

Cys Leu Thr Ile Phe

180

Lys Arg Ser Leu Phe

200

Thr Val Gln Phe Arg

215

Gly Phe Asn Thr Thr
230

Asn Asn Phe Phe Val

245

Val Tyr Ala Ile Ile

260

Phe Phe Gln Tyr Val

280

Phe Gly Leu Cys Gly

295

Leu Ser Asn Glu Tyr
310

Phe Phe Ile Trp Ala

325

Arg Gly Arg Gly Ser

340

Ser Gly Glu Glu Val

360

Arg Arg Leu Arg Glu

Asp Ala

D NO 25
H: 462
DNA

375

Met Ile Ala
170

Asn Val Ser
185

Phe Phe Ser

Thr Leu Ile

Val Val Ala

235

Arg Thr Gly
250

Ser Ile Ile
265

Lys Val Gln

Leu Ile Tyr

Arg Thr Gly

315

Met Phe Thr
330

Gly Ser Val
345

Ala Ala Leu

Glu Glu Asp

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 25

atggattgga

aacaccctygg

actgccagca

accaccgcca

aagcccggea

tacaaggccc

tggaccatge

tgctteccaga

<210> SEQ I

<211> LENGT.
<212> TYPE:

cctggatect

tgctgggtet

ccececcagecce

ccacaagcac

gcaccactca

actgcaccag

tgaacgcect

acttcaccge

D NO 26

H: 153
PRT

gttectggty

gCtggthtg

tagcagcage

cacaacagcc

cgaccccaac

ccatatgtac

gatcctgatyg

cacaaccacc

geegetgeta

tctgtggecy

acccacacct

accagcacca

gtgatgagge

gagctgagee

ggcgecttet

aagggctact

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

Phe Met Ala
Met Val Thr
190

Arg Leu His
205

Val Asn Leu
220

Met Ala Leu

His Met Val

Tyr Phe Leu

270

Phe Gly Tyr
285

Pro Ile Val
300

Ile Ser Trp

Thr Cys Arg

Lys Tyr Gln

350

Ser His His
365

Asp Asp Asp
380

ccegggteca
ccagcagcaa
ccaccaccgt
cctettecac
cccacgececa
tgagcagett
gecatcgtget

ga

Ala Val
175

Gln Tyr

Pro Lys

Val Glu

Cys Tyr

240

Leu Ala
255

Leu Ile

His Leu

Gln Tyr

Ser Phe
320

Ala Val
335

Ala Leu

Asp Ser

Asp Glu

cagtgagtgg
caacaccagce
gaaggccace
caccagcaca
caacgacttce
cgecegectygyg

geggecactge

IgE leader + gN consensus nucleic acid sequence

60

120

180

240

300

360

420

462

IgE leader + gN consensus amino acid sequence
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-continued

<400> SEQUENCE: 26

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val
1 5 10 15

His Ser Glu Trp Asn Thr Leu Val Leu Gly Leu Leu Val Leu Ser Val
20 25 30

Ala Ala Ser Ser Asn Asn Thr Ser Thr Ala Ser Thr Pro Ser Pro Ser
35 40 45

Ser Ser Thr His Thr Ser Thr Thr Val Lys Ala Thr Thr Thr Ala Thr
50 55 60

Thr Ser Thr Thr Thr Ala Thr Ser Thr Thr Ser Ser Thr Thr Ser Thr
65 70 75 80

Lys Pro Gly Ser Thr Thr His Asp Pro Asn Val Met Arg Pro His Ala
85 90 95

His Asn Asp Phe Tyr Lys Ala His Cys Thr Ser His Met Tyr Glu Leu
100 105 110

Ser Leu Ser Ser Phe Ala Ala Trp Trp Thr Met Leu Asn Ala Leu Ile
115 120 125

Leu Met Gly Ala Phe Cys Ile Val Leu Arg His Cys Cys Phe Gln Asn
130 135 140

Phe Thr Ala Thr Thr Thr Lys Gly Tyr
145 150

<210> SEQ ID NO 27

<211> LENGTH: 2283

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: IgE leader + gH consensus nucleic acid sequence

<400> SEQUENCE: 27

atggactgga cctggatcct gttectggtg geegetgeta cecgggtgea cagtcegacece 60
ggcctgecca gctacctgac cgtgttegee gtgtacctge tgagecatcet geccagecag 120
agatacggeg ccgatgecge ctetgaggee ctggatecte acgectteca tetgetgetg 180
aacacctacg gcagacctat ceggttectyg cgegagaaca ccacccagtyg cacctacaac 240
agcagcctge ggaacagcac cgtegtgege gagaatgcta tcagcttcaa cttettecag 300
agctacaacc agtactacgt gttccacatg cceeggtgec tgttegeegg acctetggece 360
gagcagttce tgaaccaggt ggacctgacce gagacactgg aaagatacca gcageggetg 420
aatacctacg ccctggtgte caaggacctg gecagctace ggtecttcag ccagcagetg 480
aaggctcagg acagcctggg cgagcagect accaccgtge cecctecaat cgacctgage 540
atcccccacg tgtggatgee cccccagace acacctcacg getggaaaga gagccacace 600
accagcggece tgcacagacce ccacttcaac cagacctgea ttetgttega cggccacgac 660
ctgetgttca gcaccgtgac ccectgectyg caccaggget tcetacctgat cgacgagetg 720
agatacgtga agatcaccct gaccgaggat ttettegtgg tcaccgtgte catcgacgac 780
gacaccccca tgctgetgat ctteggecat ctgecteggg tgctgttcaa ggecccectac 840
cagcgggaca acttcatect geggcagace gagaagcacg agetgetggt getggtcaag 900
aaggaccagce tgaaccggca ctectacctyg aaggaccceg acttceetgga cgecgecctg 960

gacttcaact acctggacct gagcgccectg ctgagaaaca gcttccacag atacgcegtyg 1020

gacgtgctga agtccggccg gtgccagatg ctggacagac ggaccgtgga aatggcectte 1080

gcctatgece tggecctgtt tgccgeceget cggcaggaag aggctggegce tgaagtgtcece 1140
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gtgcccagag ccctggacag acaggccgcet ctgctgcaga tcecaggaatt catgatcacce 1200
tgtctgagecce agaccccecece teggaccace ctgetgetgt accctaccge cgtggatctg 1260
gccaageggyg cectgtggac ccccaaccag atcaccgaca tcacaagect cgtgeggetg 1320
gtgtacatce tgagcaagca gaaccagcag cacctgatce ceccagtggge cctgagacag 1380
atcgccgact tecgcecctgaa gcectgcacaag acccacctgg ctagectttet gagegcectte 1440
gctaggcagg aactgtacct gatgggcagce ctggtgcact ccatgctggt gcacaccacce 1500
gagaggcggyg aaatcttcat cgtggaaacc ggectgtgca gectggecga getgagecac 1560
ttcacccage tgctggecca cccccaccac gagtacctga gegacctgta cacccectge 1620
agctctageg gcagacggga tcacagectg gaacggcetga cceeggetgtt cccegatgece 1680
acagtgcctg ccactgtgec agccgccctg tccatcetgt ccaccatgca geccagcacce 1740
ctggaaacct tccccgacct gttcectgectg ccecectgggeg agagcttcag cgccctgaca 1800
gtgtccgage acgtgtccta cgtggtcacce aaccagtacc tgatcaaggg catcagctac 1860
ccegtgteca ccaccgtegt gggccagage ctgatcatca cccagaccga cagccagace 1920
aagtgcgagce tgacccggaa catgcacacc acacacagca tcactgccege cctgaacate 1980
agcctggaaa actgcgcectt ctgccagtct gcectgetgg aatacgacga tacccagggce 2040
gtgatcaaca tcatgtacat gcacgacagc gacgacgtgc tgttcgccct ggacccctac 2100
aacgaggtgg tggtgtccag cccccggacce cactacctga tgctgctgaa gaacggcace 2160
gtgctggaag tgaccgacgt ggtggtggac gccaccgaca gcagactgct gatgatgage 2220
gtgtacgccece tgagcgccat catcggcatce tacctgctgt accggatgcet gaaaacctge 2280
tga 2283

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 28
H: 760
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: IgE lea

<400> SEQUENCE: 28

Met Asp Trp
1

His Ser Arg

Leu Leu Ser
35

Glu Ala Leu
50

Arg Pro Ile
65

Ser Ser Leu

Asn Phe Phe

Cys Leu Phe

115

Leu Thr Glu
130

Leu Val Ser

Thr Trp Ile Leu Phe

Pro Gly Leu Pro Ser

20

His Leu Pro Ser Gln

40

Asp Pro His Ala Phe

55

Arg Phe Leu Arg Glu

70

Arg Asn Ser Thr Val

85

Gln Ser Tyr Asn Gln

100

Ala Gly Pro Leu Ala

120

Thr Leu Glu Arg Tyr

135

Lys Asp Leu Ala Ser

der + gH consensus amino acid sequence

Leu Val Ala
10

Tyr Leu Thr
25

Arg Tyr Gly

His Leu Leu

Asn Thr Thr
75

Val Arg Glu
90

Tyr Tyr Val
105
Glu Gln Phe

Gln Gln Arg

Tyr Arg Ser

Ala Ala Thr

Val Phe Ala
30

Ala Asp Ala

Leu Asn Thr
60

Gln Cys Thr

Asn Ala Ile

Phe His Met

110

Leu Asn Gln
125

Leu Asn Thr
140

Phe Ser Gln

Arg Val

15

Val Tyr

Ala Ser

Tyr Gly

Tyr Asn
80

Ser Phe

95

Pro Arg

Val Asp

Tyr Ala

Gln Leu
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134

145

Lys

Ile

Phe

Thr

225

Arg

Ser

Arg

Gln

Asn

305

Asp

Arg

Arg

Ala

Leu

385

Cys

Ala

Asp

Gln

Ala

465

Ala

Arg
545

Thr

Ala

Asp

Gly

Asn

210

Val

Tyr

Ile

Val

Thr

290

Arg

Phe

Tyr

Arg

Ala

370

Asp

Leu

Val

Ile

Gln

450

Leu

Arg

His

Ser

His
530

Arg

Val

Gln

Leu

Trp

195

Gln

Thr

Val

Asp

Leu

275

Glu

His

Asn

Ala

Thr

355

Arg

Arg

Ser

Asp

Thr

435

His

Lys

Gln

Thr

Leu

515

Glu

Asp

Pro

Asp

Ser

180

Lys

Thr

Pro

Lys

Asp

260

Phe

Lys

Ser

Tyr

Val

340

Val

Gln

Gln

Gln

Leu

420

Ser

Leu

Leu

Glu

Thr

500

Ala

Tyr

His

Ala

Ser

165

Ile

Glu

Cys

Cys

Ile

245

Asp

Lys

His

Tyr

Leu

325

Asp

Glu

Glu

Ala

Thr

405

Ala

Leu

Ile

His

Leu

485

Glu

Glu

Leu

Ser

Thr
565

150

Leu

Pro

Ser

Ile

Leu

230

Thr

Thr

Ala

Glu

Leu

310

Asp

Val

Met

Glu

Ala

390

Pro

Lys

Val

Pro

Lys

470

Tyr

Arg

Leu

Ser

Leu
550

Val

Gly

His

His

Leu

215

His

Leu

Pro

Pro

Leu

295

Lys

Leu

Leu

Ala

Ala

375

Leu

Pro

Arg

Arg

Gln

455

Thr

Leu

Arg

Ser

Asp
535

Glu

Pro

Glu

Val

Thr

200

Phe

Gln

Thr

Met

Tyr

280

Leu

Asp

Ser

Lys

Phe

360

Gly

Leu

Arg

Ala

Leu

440

Trp

His

Met

Glu

His
520
Leu

Arg

Ala

Gln

Trp

185

Thr

Asp

Gly

Glu

Leu

265

Gln

Val

Pro

Ala

Ser

345

Ala

Ala

Gln

Thr

Leu

425

Val

Ala

Leu

Gly

Ile

505

Phe

Tyr

Leu

Ala

Pro

170

Met

Ser

Gly

Phe

Asp

250

Leu

Arg

Leu

Asp

Leu

330

Gly

Tyr

Glu

Ile

Thr

410

Trp

Tyr

Leu

Ala

Ser

490

Phe

Thr

Thr

Thr

Leu
570

155

Thr

Pro

Gly

His

Tyr

235

Phe

Ile

Asp

Val

Phe

315

Leu

Arg

Ala

Val

Gln

395

Leu

Thr

Ile

Arg

Ser

475

Leu

Ile

Gln

Pro

Arg
555

Ser

Thr

Pro

Leu

Asp

220

Leu

Phe

Phe

Asn

Lys

300

Leu

Arg

Cys

Leu

Ser

380

Glu

Leu

Pro

Leu

Gln

460

Phe

Val

Val

Leu

Cys
540

Leu

Ile

Val

Gln

His

205

Leu

Ile

Val

Gly

Phe

285

Lys

Asp

Asn

Gln

Ala

365

Val

Phe

Leu

Asn

Ser

445

Ile

Leu

His

Glu

Leu
525
Ser

Phe

Leu

Pro

Thr

190

Arg

Leu

Asp

Val

His

270

Ile

Asp

Ala

Ser

Met

350

Leu

Pro

Met

Tyr

Gln

430

Lys

Ala

Ser

Ser

Thr

510

Ala

Ser

Pro

Ser

Pro

175

Thr

Pro

Phe

Glu

Thr

255

Leu

Leu

Gln

Ala

Phe

335

Leu

Phe

Arg

Ile

Pro

415

Ile

Gln

Asp

Ala

Met

495

Gly

His

Ser

Asp

Thr
575

160

Pro

Pro

His

Ser

Leu

240

Val

Pro

Arg

Leu

Leu

320

His

Asp

Ala

Ala

Thr

400

Thr

Thr

Asn

Phe

Phe

480

Leu

Leu

Pro

Gly

Ala
560

Met
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Gln Pro Ser Thr Leu Glu Thr Phe Pro Asp Leu Phe Cys Leu Pro Leu
580 585 590

Gly Glu Ser Phe Ser Ala Leu Thr Val Ser Glu His Val Ser Tyr Val
595 600 605

Val Thr Asn Gln Tyr Leu Ile Lys Gly Ile Ser Tyr Pro Val Ser Thr
610 615 620

Thr Val Val Gly Gln Ser Leu Ile Ile Thr Gln Thr Asp Ser Gln Thr
625 630 635 640

Lys Cys Glu Leu Thr Arg Asn Met His Thr Thr His Ser Ile Thr Ala
645 650 655

Ala Leu Asn Ile Ser Leu Glu Asn Cys Ala Phe Cys Gln Ser Ala Leu
660 665 670

Leu Glu Tyr Asp Asp Thr Gln Gly Val Ile Asn Ile Met Tyr Met His
675 680 685

Asp Ser Asp Asp Val Leu Phe Ala Leu Asp Pro Tyr Asn Glu Val Val
690 695 700

Val Ser Ser Pro Arg Thr His Tyr Leu Met Leu Leu Lys Asn Gly Thr
705 710 715 720

Val Leu Glu Val Thr Asp Val Val Val Asp Ala Thr Asp Ser Arg Leu
725 730 735

Leu Met Met Ser Val Tyr Ala Leu Ser Ala Ile Ile Gly Ile Tyr Leu
740 745 750

Leu Tyr Arg Met Leu Lys Thr Cys
755 760

<210> SEQ ID NO 29

<211> LENGTH: 888

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: IgE leader + gL consensus nucleic acid sequence

<400> SEQUENCE: 29

atggattgga cctggatcct gtttetggtyg gecgetgecaa caagggteca ctettgcagg 60
cggeccgact geggettecag ctteageect ggeccegtga tectgetgtyg gtgetgectg 120
ctgetgecca tegtgtecte tgecgeegtyg tetgtggece ctacageege cgagaaggtg 180
ccagccgagt gecctgaget gaccagacgg tgtectgetgg gegaggtgtt ccagggegat 240
aagtacgaga gctggetgeg geccctggte aacgtgaceg geagagatgg ccccctgage 300
cagctgatce ggtacagacce cgtgaccect gaggecgeca acagegtget getggacgaa 360
gectttetgyg acacactgge cctgetgtac aacaaccceg accagctgeg ggecctgetg 420
acactgctga gcagcgatac cgcccccaga tggatgaceg tgatgegggg ctacagcegag 480
tgcggegacyg gatcteeege cgtgtacace tgtgtggacg acctgtgecyg gggctacgac 540
ctgaccagac tgagctacgg ccggtcecate ttcacagage acgtgetggg cttegagetg 600
gtgcceccca gectgttcaa tgtggtggtyg gecatccegga acgaggccac ccggaccaac 660
agagcagtge ggctgectgt gtecaccget getgetecag agggcatcac cctgttcetac 720
ggcctgtaca acgccgtgaa agagttctge ctgagacacce agetggaccce ccecctgetg 780
cggcacctgg acaagtacta cgeccggectyg ccteecgage tgaagcagac cagagtgaac 840
ctgccegece acagcagata cggecctcag gecgtggacg ccagatga 888

<210> SEQ ID NO 30
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<211> LENGTH: 295

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: IgE leader + gL consensus amino acid sequence

<400> SEQUENCE: 30

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val
1 5 10 15

His Ser Cys Arg Arg Pro Asp Cys Gly Phe Ser Phe Ser Pro Gly Pro
20 25 30

Val Ile Leu Leu Trp Cys Cys Leu Leu Leu Pro Ile Val Ser Ser Ala
35 40 45

Ala Val Ser Val Ala Pro Thr Ala Ala Glu Lys Val Pro Ala Glu Cys
50 55 60

Pro Glu Leu Thr Arg Arg Cys Leu Leu Gly Glu Val Phe Gln Gly Asp
65 70 75 80

Lys Tyr Glu Ser Trp Leu Arg Pro Leu Val Asn Val Thr Gly Arg Asp
Gly Pro Leu Ser Gln Leu Ile Arg Tyr Arg Pro Val Thr Pro Glu Ala
100 105 110

Ala Asn Ser Val Leu Leu Asp Glu Ala Phe Leu Asp Thr Leu Ala Leu
115 120 125

Leu Tyr Asn Asn Pro Asp Gln Leu Arg Ala Leu Leu Thr Leu Leu Ser
130 135 140

Ser Asp Thr Ala Pro Arg Trp Met Thr Val Met Arg Gly Tyr Ser Glu
145 150 155 160

Cys Gly Asp Gly Ser Pro Ala Val Tyr Thr Cys Val Asp Asp Leu Cys
165 170 175

Arg Gly Tyr Asp Leu Thr Arg Leu Ser Tyr Gly Arg Ser Ile Phe Thr
180 185 190

Glu His Val Leu Gly Phe Glu Leu Val Pro Pro Ser Leu Phe Asn Val
195 200 205

Val Val Ala Ile Arg Asn Glu Ala Thr Arg Thr Asn Arg Ala Val Arg
210 215 220

Leu Pro Val Ser Thr Ala Ala Ala Pro Glu Gly Ile Thr Leu Phe Tyr
225 230 235 240

Gly Leu Tyr Asn Ala Val Lys Glu Phe Cys Leu Arg His Gln Leu Asp
245 250 255

Pro Pro Leu Leu Arg His Leu Asp Lys Tyr Tyr Ala Gly Leu Pro Pro
260 265 270

Glu Leu Lys Gln Thr Arg Val Asn Leu Pro Ala His Ser Arg Tyr Gly
275 280 285

Pro Gln Ala Val Asp Ala Arg
290 295

<210> SEQ ID NO 31

<211> LENGTH: 1470

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: IgE leader + gO consensus nucleic acid sequence

<400> SEQUENCE: 31
atggactgga cctggatcct gttectggte gecgetgeaa ctagagtgca cageggcaag 60

aaagaaatga tcatggtcaa gggcatccce aagatcatge tgctgatcag catcaccttt 120
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ctgctgetga gectgatcaa ctgcaacgtg ctggtcaaca gcaagggcac acggceggage 180
tggcectaca ccgtgetgag ctaccgggge aaagagatcce tgaagaagca gaaagaggac 240
atcctgaage ggctgatgag caccagcage gacggctace ggttectgat gtaccccage 300
cagcagaaat tccacgccat cgtgatcage atggacaagt tcccccagga ctacatcctg 360
geeggaccecea tcecggaacga cagcatcacce cacatgtggt tegacttcta cagcacccag 420
ctgcggaage ccgccaaata cgtgtacage gagtacaacce acaccgccca caagatcace 480
ctgeggecte ccccettgegg caccgtgece agcatgaact gectgagega gatgcetgaac 540
gtgtccaage ggaacgacac cggcgagaag ggctgeggca acttcaccac cttcaacccce 600
atgttcttca acgtgeccceg gtggaacacce aagctgtaca tceggcagcaa caaagtgaac 660
gtggacagcee agaccatcta ctttetggge ctgaccegece tgetgetgeg ctacgcccag 720
agaaactgca cccggtectt ctacctggte aacgccatga gecggaacct gttecgggtyg 780
cccaagtaca tcaacggcac caagctgaag aacaccatge ggaagctgaa gcggaagcag 840
geectggtcea aagagcagcece ccagaagaag aacaagaagt cccagagcac caccaccecce 900
tacctgagcet acaccaccag caccgecttce aacgtgacca ccaacgtgac ctacagcgece 960
acagccgeceg tgaccagagt ggccacctece accaccgget accggcccga cagcaactte 1020
atgaagtcca tcatggccac ccagctgagg gacctggceca cctgggtgta caccaccctg 1080
cggtacagaa acgagccctt ctgcaagecce gaccggaaca gaaccgccegt gtccgagtte 1140
atgaagaata cccacgtgct gatccgcaac gagacaccct acaccatcta cggcaccctg 1200
gacatgagca gcctgtacta caacgagaca atgagegtceg agaacgagac agccagcgac 1260
aacaacgaaa ccacccccac cagccccage acccggttece ageggacctt catcgaccce 1320
ctgtgggact acctggacag cctgctgttce ctggacaaga tccggaactt cagcctgcag 1380
ctgceegect acggcaacct gaccccecect gaacacagaa gggccgccaa cctgagcace 1440
ctgaacagcce tgtggtggtg gctgcagtga 1470

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 32
H: 489
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: IgE lea

<400> SEQUENCE: 32

Met Asp Trp
1

His Ser Gly

Met Leu Leu
35

Asn Val Leu
50

Val Leu Ser
65

Ile Leu Lys

Met Tyr Pro

Lys Phe Pro
115

Thr Trp Ile Leu Phe

Lys Lys Glu Met Ile

20

Ile Ser Ile Thr Phe

40

Val Asn Ser Lys Gly

55

Tyr Arg Gly Lys Glu

70

Arg Leu Met Ser Thr

85

Ser Gln Gln Lys Phe

100

Gln Asp Tyr Ile Leu

120

der + g0 consensus amino acid sequence

Leu Val Ala
10

Met Val Lys
25

Leu Leu Leu

Thr Arg Arg

Ile Leu Lys
75

Ser Ser Asp
90

His Ala Ile
105

Ala Gly Pro

Ala Ala Thr

Gly Ile Pro
30

Ser Leu Ile
45

Ser Trp Pro
60

Lys Gln Lys

Gly Tyr Arg

Val Ile Ser
110

Ile Arg Asn
125

Arg Val
15

Lys Ile

Asn Cys

Tyr Thr

Glu Asp
80

Phe Leu
95

Met Asp

Asp Ser
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142

Ile

Ala

145

Leu

Glu

Gly

Asn

Thr

225

Arg

Leu

Met

Lys

Thr

305

Thr

Asp

Ala

Lys

His

385

Asp

Thr

Phe

Leu

Gly

465

Leu

<210>
<211>
<212>
<213>
<220>
<223>

Thr

130

Lys

Arg

Met

Asn

Thr

210

Ile

Asn

Phe

Arg

Lys

290

Thr

Ala

Ser

Thr

Pro

370

Val

Met

Ala

Gln

Phe

450

Asn

Asn

His

Tyr

Pro

Leu

Phe

195

Lys

Tyr

Cys

Arg

Lys

275

Asn

Ser

Ala

Asn

Trp

355

Asp

Leu

Ser

Ser

Arg

435

Leu

Leu

Ser

Met

Val

Pro

Asn

180

Thr

Leu

Phe

Thr

Val

260

Leu

Lys

Thr

Val

Phe

340

Val

Arg

Ile

Ser

Asp

420

Thr

Asp

Thr

Leu

sequence

Trp

Tyr

Pro

165

Val

Thr

Tyr

Leu

Arg

245

Pro

Lys

Lys

Ala

Thr

325

Met

Tyr

Asn

Arg

Leu

405

Asn

Phe

Lys

Pro

Trp
485

SEQ ID NO 33
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

567

Phe

Ser

150

Cys

Ser

Phe

Ile

Gly

230

Ser

Lys

Arg

Ser

Phe

310

Arg

Lys

Thr

Arg

Asn

390

Tyr

Asn

Ile

Ile

Pro
470

Trp

Asp Phe Tyr Ser Thr Gln Leu Arg Lys
135 140

Glu Tyr Asn His Thr Ala His Lys Ile
155

Gly Thr Val Pro Ser Met Asn Cys Leu
170 175

Lys Arg Asn Asp Thr Gly Glu Lys Gly
185 190

Asn Pro Met Phe Phe Asn Val Pro Arg
200 205

Gly Ser Asn Lys Val Asn Val Asp Ser
215 220

Leu Thr Ala Leu Leu Leu Arg Tyr Ala
235

Phe Tyr Leu Val Asn Ala Met Ser Arg
250 255

Tyr Ile Asn Gly Thr Lys Leu Lys Asn
265 270

Lys Gln Ala Leu Val Lys Glu Gln Pro
280 285

Gln Ser Thr Thr Thr Pro Tyr Leu Ser
295 300

Asn Val Thr Thr Asn Val Thr Tyr Ser
315

Val Ala Thr Ser Thr Thr Gly Tyr Arg
330 335

Ser Ile Met Ala Thr Gln Leu Arg Asp
345 350

Thr Leu Arg Tyr Arg Asn Glu Pro Phe
360 365

Thr Ala Val Ser Glu Phe Met Lys Asn
375 380

Glu Thr Pro Tyr Thr Ile Tyr Gly Thr
395

Tyr Asn Glu Thr Met Ser Val Glu Asn
410 415

Glu Thr Thr Pro Thr Ser Pro Ser Thr
425 430

Asp Pro Leu Trp Asp Tyr Leu Asp Ser
440 445

Arg Asn Phe Ser Leu Gln Leu Pro Ala
455 460

Glu His Arg Arg Ala Ala Asn Leu Ser
475

Trp Leu Gln

IgE leader + UL128 consensus nucleic acid

Pro

Thr

160

Ser

Cys

Trp

Gln

Gln

240

Asn

Thr

Gln

Tyr

Ala

320

Pro

Leu

Cys

Thr

Leu

400

Glu

Arg

Leu

Tyr

Thr
480
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<400> SEQUENCE: 33

atggattgga cctggatcct gtttctggtg gecgetgcaa caagggtcca ctctagecce 60
aaggatctga cccctttect gaccgeectyg tggetgetee tgggccacag cagagtgect 120
agagtgcggg ccgaggaatg ctgcgagttce atcaacgtga accacccccee cgageggtge 180
tacgacttca agatgtgcaa ccggttcacce gtggctctga gatgcccega cggcgaagtyg 240
tgctacagcee ccgagaaaac cgccgagatce cggggcateg tgaccaccat gacccacage 300
ctgaccagac aggtggtgca taacaagctg accagttgea actacaaccce cctgtacctg 360
gaagccgacyg gccggatcag atgcggcaaa gtgaacgaca aggcccagta cctgetggge 420
gctgcaggea gtgtgcccta cagatggatc aacctggaat acgacaagat cacccggatce 480
gtgggectygyg accagtacct ggaaagcgtg aagaagcaca agcggctgga cgtgtgcecegg 540
gccaagatgg gctacatgct gcagtga 567

<210> SEQ ID NO 34

<211> LENGTH: 188

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: IgE leader + UL128 consensus amino acid
sequence

<400> SEQUENCE: 34

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val
1 5 10 15

His Ser Ser Pro Lys Asp Leu Thr Pro Phe Leu Thr Ala Leu Trp Leu
20 25 30

Leu Leu Gly His Ser Arg Val Pro Arg Val Arg Ala Glu Glu Cys Cys
35 40 45

Glu Phe Ile Asn Val Asn His Pro Pro Glu Arg Cys Tyr Asp Phe Lys
50 55 60

Met Cys Asn Arg Phe Thr Val Ala Leu Arg Cys Pro Asp Gly Glu Val
65 70 75 80

Cys Tyr Ser Pro Glu Lys Thr Ala Glu Ile Arg Gly Ile Val Thr Thr
85 90 95

Met Thr His Ser Leu Thr Arg Gln Val Val His Asn Lys Leu Thr Ser
100 105 110

Cys Asn Tyr Asn Pro Leu Tyr Leu Glu Ala Asp Gly Arg Ile Arg Cys
115 120 125

Gly Lys Val Asn Asp Lys Ala Gln Tyr Leu Leu Gly Ala Ala Gly Ser
130 135 140

Val Pro Tyr Arg Trp Ile Asn Leu Glu Tyr Asp Lys Ile Thr Arg Ile
145 150 155 160

Val Gly Leu Asp Gln Tyr Leu Glu Ser Val Lys Lys His Lys Arg Leu
165 170 175

Asp Val Cys Arg Ala Lys Met Gly Tyr Met Leu Gln
180 185

<210> SEQ ID NO 35

<211> LENGTH: 696

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: IgE leader + UL130 consensus nucleic acid
sequence

<400> SEQUENCE: 35
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146

-continued
atggactgga cctggatcct gttcectggte gecgetgeta ceegggtgea cagectgegyg 60
ctgctgetge ggcaccactt ccactgectg ctgetgtgtyg cegtgtggge caccecttgt 120
ctggecagee cttggagcac cctgaccgece aaccagaacce ctageccccee ctggtccaag 180
ctgacctaca gcaagcccca cgacgecget accttctact geccattect gtaccccage 240
ccteccagaa gceccectgca gttcagegge ttecageggyg tgtecacegyg ccectgagtge 300
cggaacgaga cactgtacct gectgtacaac cgecgagggece agaccctggt ggaacggtcet 360
agcacctggg tcaagaaagt gatctggtat ctgagcggec ggaaccagac catcctgcag 420
cggatgecte ggaccgecag caagcectage gacggcaacyg tgcagatcag cgtggaagat 480
gccaaaatct teggegcecca catggtgecce aagcagacca agetgctgag attcgtggte 540
aacgacggca ccagatacca gatgtgegtg atgaagetgg aaagctggge ccacgtgtte 600
cgggactaca gcgtgtcatt ccaggteccga ctgacctteca ccgaggccaa caaccagace 660
tacaccttect gcacccacce caacctgatce gtcectga 696

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 36
H: 231
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: IgE lea

seque

nce

<400> SEQUENCE: 36

Met Asp Trp
1

His Ser Leu
Cys Ala Val
35

Thr Ala Asn
50

Lys Pro His
65

Pro Pro Arg

Gly Pro Glu

Gly Gln Thr
115

Trp Tyr Leu
130

Thr Ala Ser
145

Ala Lys Ile

Arg Phe Val

Leu Glu Ser
195

Val Arg Leu
210

Thr His Pro

Thr Trp Ile Leu Phe

5

Arg Leu Leu Leu Arg

20

Trp Ala Thr Pro Cys

40

Gln Asn Pro Ser Pro

55

Asp Ala Ala Thr Phe

70

Ser Pro Leu Gln Phe

85

Cys Arg Asn Glu Thr

100

Leu Val Glu Arg Ser

120

Ser Gly Arg Asn Gln

135

Lys Pro Ser Asp Gly
150

Phe Gly Ala His Met

165

Val Asn Asp Gly Thr

180

Trp Ala His Val Phe

200

Thr Phe Thr Glu Ala

215

Asn Leu Ile Val

der

Leu

His

25

Leu

Pro

Tyr

Ser

Leu

105

Ser

Thr

Asn

Val

Arg
185

Arg

Asn

+ UL130

Val

His

Ala

Trp

Cys

Gly

90

Tyr

Thr

Ile

Val

Pro
170
Tyr

Asp

Asn

Ala

Phe

Ser

Ser

Pro

75

Phe

Leu

Trp

Leu

Gln

155

Lys

Gln

Tyr

Gln

consensus amino acid

Ala Ala Thr
His Cys Leu
30

Pro Trp Ser
45

Lys Leu Thr
60

Phe Leu Tyr

Gln Arg Val

Leu Tyr Asn

110

Val Lys Lys
125

Gln Arg Met
140

Ile Ser Val

Gln Thr Lys

Met Cys Val

190

Ser Val Ser
205

Thr Tyr Thr
220

Arg Val

Leu Leu

Thr Leu

Tyr Ser

Pro Ser

80

Ser Thr
95

Arg Glu

Val Ile

Pro Arg

Glu Asp

160
Leu Leu
175
Met Lys

Phe Gln

Phe Cys
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148

225

<210> SEQ I
<211> LENGT.
<212> TYPE:

230

D NO 37
H: 438
DNA

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

seque

RE:

nce

<400> SEQUENCE: 37

atggactgga
tgcagagtgt
acagccgaga
ctgeeegace
cactacgacg
gaggtgtcce
cggactacct
gtgcggetgt
<210> SEQ I

<211> LENGT.
<212> TYPE:

cctggatect
ggctgagegt
agaacgacta
agacccggta
ccagccacgg
tgctgatcag
tcaacgcege
tcgecaac

D NO 38

H: 146
PRT

gttectggte

gtgecctgtge

ctaccgggty

caaatacgtg

cctggacaac

cgactteegyg

tggcageetyg

geegetgeta

geegtggtge

ccccactact

gaacagctgg

ttcgacgtge

cggcagaaca

gecectcacy

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: IgE lea

seque

nce

<400> SEQUENCE: 38

Met Asp Trp
1

His Ser Arg
Val Leu Gly
35

Arg Val Pro
50

Thr Arg Tyr
65

His Tyr Asp

Ile Asn Val

Asn Arg Arg

115

Ser Leu Ala
130

Ala Asn
145

<210> SEQ I
<211> LENGT.
<212> TYPE:

Thr Trp Ile Leu Phe

5

Leu Cys Arg Val Trp

20

Gln Cys Gln Arg Glu

40

His Tyr Trp Asp Ala

55

Lys Tyr Val Glu Gln

70

Ala Ser His Gly Leu

85

Thr Glu Val Ser Leu

100

Gly Gly Thr Asn Lys

120

Pro His Ala Arg Ser

D NO 39
H: 1737
DNA

135

der

Leu

Leu

25

Thr

Cys

Leu

Asp

Leu

105

Arg

Leu

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

seque

RE:

nce

IgE leader + ULl3la consensus

ccegggtgea

tgggccagtg

ggganCCtg

tggacctgac

tgaagcggat

gaagaggcgg

ccagatcect

nucleic acid

cagcagactyg

ccagagagag

ctctagagee

cctgaactac

caacgtgacc

caccaacaag

ggaattcage

+ ULl3la consensus amino acid

Val

10

Ser

Ala

Ser

Val

Asn

90

Ile

Thr

Glu

Ala

Val

Glu

Arg

Asp

75

Phe

Ser

Thr

Phe

Ala Ala Thr
Cys Leu Cys
30

Lys Asn Asp
45

Ala Leu Pro
60

Leu Thr Leu

Asp Val Leu

Asp Phe Arg

110

Phe Asn Ala
125

Ser Val Arg
140

Arg Val
15

Ala Val

Tyr Tyr

Asp Gln

Asn Tyr

80
Lys Arg
95
Arg Gln

Ala Gly

Leu Phe

IgE leader + UL83 consensus nucleic acid

60

120

180

240

300

360

420

438
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-continued

<400> SEQUENCE: 39

atggattgga cctggatcct gtttctggtg gcececgctgcaa caagggtcca ctctgagagt 60
cgegggegga gatgccctga aatgatcage gtgectgggec caatttccgg gcatgtgetg 120
aaggccgtcet tctcecegegg agacaccccee gtgetgecte acgagacaag actgetgcag 180
actggcatcc atgtgagggt ctcccagcca tctctgatte tggtgtctca gtacacccca 240
gatagtacac cctgccacag aggggacaac cagctgcagg tgcagcatac ctacttcacc 300
ggatcagagg tcgaaaatgt gagcgtcaac gtgcacaatc ccacaggcag gagtatctgt 360
ccttcacagg agccaatgag catctacgtg tacgccctge ccctgaaaat gctgaacatce 420
cctagcatta atgtgcacca ttacccctee gcececgctgaac gaaagcaccg gcatctgect 480
gtggcagatg ccgtcatcca tgcttcaggce aaacagatgt ggcaggcacg actgaccgtg 540
agcggactgg catggacacg acagcagaac cagtggaagg agccagacgt gtactatact 600
agcgectteg tgttccccac caaagacgtg gccctgegac acgtggtctg cgcacatgag 660
ctggtgtget ctatggaaaa tactcgggcc accaagatge aggtcattgg cgatcagtac 720
gtcaaagtgt atctggagtc cttttgtgaa gacgtgccct ctgggaagct gttcatgcac 780
gtgaccctgg gaagcgatgt cgaggaagac ctgactatga cccggaaccc acagcccttt 840
atgagacctc acgagaggaa cggcttcact gtgctgtgec caaagaatat gatcattaag 900
cccgggaaaa tctctcatat tatgctggat gtggecttta caagtcacga gcatttcgga 960

ctgctgtgcece ccaaaagcat ccctgggctg tcaattageg gaaacctgcet gatgaatggce 1020
cagcagatct ttctggaagt gcaggccatt cgagagaccg tcgaactgcg acagtacgac 1080
ccagtggcag ccctgttett tttecgatate gacctgetge tgcagagagg ccctcagtat 1140
agtgagcacc caacattcac ttcacagtac aggattcagg ggaagctgga gtatcggcac 1200
acttgggata gacatgacga aggagctgca cagggcgacyg atgacgtgtyg gacctccgge 1260
tctgatagtyg acgaggaact ggtgaccaca gagcgaaaaa ctccccegggt gaccggagga 1320
ggagctatgyg caggagcatc aaccagcgcce ggacgaaaga gaaaaagcgce cagcagcgece 1380
acagcatgca ctgcaggcegt gatgacaagg gggcgcctga aggcagaatc cacagtcgece 1440
cctgaggaag atactgacga ggattctgac aacgaaatcc acaatccagce cgtgttcacce 1500
tggccacctt ggcaggcagg aattctggct cgcaatctgg tccctatggt ggccactgte 1560
cagggacaga acctgaagta ccaggagttt ttctgggatg ctaatgacat ctatcggatt 1620
ttegecagage tggaaggcegt gtggcageca geagctcage caaaaaggceyg ccgacacaga 1680
caggacgcac tgcctggacc atgtatcgcc tccaccccaa agaaacatag gggctga 1737
<210> SEQ ID NO 40

<211> LENGTH: 578

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: IgE leader + UL83 consensus amino acid sequence

<400> SEQUENCE: 40

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val
1 5 10 15

His Ser Glu Ser Arg Gly Arg Arg Cys Pro Glu Met Ile Ser Val Leu
20 25 30

Gly Pro Ile Ser Gly His Val Leu Lys Ala Val Phe Ser Arg Gly Asp
35 40 45
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Thr

65

Asp

Thr

Asn

Tyr

Arg

Lys

Asp

Met

225

Leu

Met

Phe

Ser

305

Leu

Leu

Thr

Asp

Thr

385

Thr

Trp

Lys

Ser

Ala

Pro

50

Arg

Ser

Tyr

Pro

Val

130

His

Ala

Leu

Glu

Val

210

Glu

Lys

Phe

Thr

Thr

290

His

Leu

Met

Val

Ile

370

Phe

Trp

Thr

Thr

Ala

450

Gly

Val

Val

Thr

Phe

Thr

115

Tyr

His

Asp

Thr

Pro

195

Ala

Asn

Val

Met

Arg

275

Val

Ile

Cys

Asn

Glu

355

Asp

Thr

Asp

Ser

Pro
435

Gly

Val

Leu

Ser

Pro

Thr

100

Gly

Ala

Tyr

Ala

Val

180

Asp

Leu

Thr

Tyr

His

260

Asn

Leu

Met

Pro

Gly

340

Leu

Leu

Ser

Arg

Gly

420

Arg

Arg

Met

Pro

Gln

Cys

85

Gly

Arg

Leu

Pro

Val

165

Ser

Val

Arg

Arg

Leu

245

Val

Pro

Cys

Leu

Lys

325

Gln

Arg

Leu

Gln

His

405

Ser

Val

Lys

Thr

His

Pro

70

His

Ser

Ser

Pro

Ser

150

Ile

Gly

Tyr

His

Ala

230

Glu

Thr

Gln

Pro

Asp

310

Ser

Gln

Gln

Leu

Tyr

390

Asp

Asp

Thr

Arg

Arg

Glu

55

Ser

Arg

Glu

Ile

Leu

135

Ala

His

Leu

Tyr

Val

215

Thr

Ser

Leu

Pro

Lys

295

Val

Ile

Ile

Tyr

Gln

375

Arg

Glu

Ser

Gly

Lys

455

Gly

Thr

Leu

Gly

Val

Cys

120

Lys

Ala

Ala

Ala

Thr

200

Val

Lys

Phe

Gly

Phe

280

Asn

Ala

Pro

Phe

Asp

360

Arg

Ile

Gly

Asp

Gly

440

Ser

Arg

Arg

Ile

Asp

Glu

105

Pro

Met

Glu

Ser

Trp

185

Ser

Cys

Met

Cys

Ser

265

Met

Met

Phe

Gly

Leu

345

Pro

Gly

Gln

Ala

Glu
425
Gly

Ala

Leu

Leu

Leu

Asn

90

Asn

Ser

Leu

Arg

Gly

170

Thr

Ala

Ala

Gln

Glu

250

Asp

Arg

Ile

Thr

Leu

330

Glu

Val

Pro

Gly

Ala

410

Glu

Ala

Ser

Lys

Leu

Val

75

Gln

Val

Gln

Asn

Lys

155

Lys

Arg

Phe

His

Val

235

Asp

Val

Pro

Ile

Ser

315

Ser

Val

Ala

Gln

Lys

395

Gln

Leu

Met

Ser

Ala

Gln

60

Ser

Leu

Ser

Glu

Ile

140

His

Gln

Gln

Val

Glu

220

Ile

Val

Glu

His

Lys

300

His

Ile

Gln

Ala

Tyr

380

Leu

Gly

Val

Ala

Ala
460

Glu

Thr

Gln

Gln

Val

Pro

125

Pro

Arg

Met

Gln

Phe

205

Leu

Gly

Pro

Glu

Glu

285

Pro

Glu

Ser

Ala

Leu

365

Ser

Glu

Asp

Thr

Gly
445

Thr

Ser

Gly

Tyr

Val

Asn

110

Met

Ser

His

Trp

Asn

190

Pro

Val

Asp

Ser

Asp

270

Arg

Gly

His

Gly

Ile

350

Phe

Glu

Tyr

Asp

Thr
430
Ala

Ala

Thr

Ile

Thr

Gln

95

Val

Ser

Ile

Leu

Gln

175

Gln

Thr

Cys

Gln

Gly

255

Leu

Asn

Lys

Phe

Asn

335

Arg

Phe

His

Arg

Asp

415

Glu

Ser

Cys

Val

His

Pro

80

His

His

Ile

Asn

Pro

160

Ala

Trp

Lys

Ser

Tyr

240

Lys

Thr

Gly

Ile

Gly

320

Leu

Glu

Phe

Pro

His

400

Val

Arg

Thr

Thr

Ala
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154

465

Pro Glu Glu

Ala Val Phe

Leu Val Pro

515

Glu Phe Phe
530

Glu Gly Val
545

Gln Asp Ala

Arg Gly

<210> SEQ I
<211> LENGT.
<212> TYPE:

470

Asp Thr Asp Glu Asp

485

Thr Trp Pro Pro Trp

500

Met Val Ala Thr Val

520

Trp Asp Ala Asn Asp

535

Trp Gln Pro Ala Ala
550

Leu Pro Gly Pro Cys

565

D NO 41
H: 2802
DNA

475

Ser Asp Asn
490

Gln Ala Gly
505

Gln Gly Gln

Ile Tyr Arg

Gln Pro Lys
555

Ile Ala Ser
570

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

seque

RE:

nce

<400> SEQUENCE: 41

atggactgga

agaatctggt

tccageagea

agcgeegecc

gtgtcccace

ggagtgaaca

atcagattcg

gagggcatca

taccagaagg

ggcagcaaca

agccagtget

cgggacagcet

agcaccagat

agagagacat

taccacttct

accaaccgga

tacaccatcg

gectttetgy

acctgecage

agctaccact

aacatgagcg

atcttcaaca

acaacaggcg

cctggatect

gectggtegt

gcacccgggg

acagccggag

gggccaacga

ccaccaagta

agcggaacat

tggtggtgta

tgctgacctt

ccgagtacgt

acagcagcta

acgagaacaa

acgtgaccgt

gcaacctgaa

tcgecaccag

acgccageta

tgtccgactt

aacgggccga

tgaccttetyg

tcagcagege

acagcgeect

ccagctacaa

gCCtggtggt

gttectggty

gtgegtgaac

cacaagcgec

cggaagcgtg

gacaatctac

ccectacaga

cgtgtgtace

caagagaaac

ccggcecggage

ggceccctece

cagccgegty

gaccatgcag

gaaggaccag

ctgcatggte

caccggegac

ctteggegag

cggcagaccc

cagcgtgatce

ggaggctagc

caagatgacc

ggactgcgtg

ccagacctac

gttetggcag

gecegetgeca

ctgtgcateg

acacacagcc

agcagccage

aacaccaccc

gtgtgcagca

agcatgaagc

atcgtggece

tacgcctaca

atgtgggaga

atcgceggea

ctgatgeeeg

tggcacagec

accatcacca

gtggtggaca

aacgccgaca

aacagcgecec

agctgggaca

gagcggacca

gccaccttee

cgggatgagg

gagaagtatg

ggcatcaage

Glu Ile His
Ile Leu Ala
510

Asn Leu Lys
525

Ile Phe Ala
540

Arg Arg Arg

Thr Pro Lys

cacgggtgca
tgtgectggg
accacagcag
gggtgaccag
tgaagtacgg
tggceccaggg
ccatcaacga
acaccttcaa
tccacaccac
tccaccacat
cegtgttegt
acgactacag
ggggaagcac
ccgecagaag
tcagcececett
agttcttcat
ctgagacaca
tccaggacga
tcagaagcga
tgagcaagaa
ccatcaacaa
gcaacgtgte

agaagtcect

480

Asn Pro
495

Arg Asn

Tyr Gln

Glu Leu

His Arg

560

Lys His
575

cagcgagage
agccgecgty
ccacaccace
cagcgaggec
cgacgtegty
caccgacctyg
ggacctggac
agtgegggtyg
ctacctgetyg
caacagccac
ggcctaccac
caacacccac
ctggetgtac
caagtaccct
ctacaacggce
ctteccccaac
ceggetggty
gaagaacgtg
ggcegaggac
acaggaagtyg
getgcageag
cgtgttegag

ggtcgagctg

IgE leader + gB consensus + HA Tag nucleic acid

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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156

-continued
gaacggctygyg ccaacagaag cagcctgaac ctgacccacce ggaccaageg gagcaccgac 1440
ggcaacaata ccacccacct gagcaacatg gaaagcgtcce acaacctggt gtacgcccag 1500
ctgcagttca cctacgacac cctgcgggge tacatcaacce gggecctgge ccagatcgece 1560
gaggcttggt gtgtggacca gcggcggacce ctggaagtgt tcaaagagct gagcaagatce 1620
aaccccageg ccatcctgag cgccatctac aacaagcecta tegecgcecag attcatggge 1680
gacgtgcetygyg gectggcecag ctgegtgace atcaaccaga ccagcegtgaa ggtgetgegyg 1740
gacatgaacg tgaaagaaag ccccggcaga tgctactcca gacccegtggt catcttcaac 1800
ttcgccaaca gectectacgt gcagtacgge cagetgggceg aggacaacga gatcctgetg 1860
ggaaaccacc ggaccgagga atgccagetg cccagectga agatctttat cgecggcaac 1920
agcgcctacg agtatgtgga ctacctgttce aagcggatga tcgacctgag cagcatcagce 1980
accgtggaca gcatgatcge cctggacatce gaccccectgg aaaacaccga ctteegggtyg 2040
ctggaactgt acagccagaa agagctgegg agcagcaacyg tgttcgacct ggaagagatce 2100
atgcgcgagt tcaacagcta caagcagege gtgaaatacyg tcgaggacaa ggtggtggac 2160
ccectgeccee cctacctgaa gggcctggac gacctgatga geggectggyg agetgetgge 2220
aaggccgtgg gagtggecat tggagetgtg ggcggagecyg tggcecagegt ggtggaagge 2280
gtggccacct ttctgaagaa cceccttegge gecttcacca tcatcctggt ggctatcgece 2340
gtcgtgatca tcacctacct gatctacacc cggcagcggce ggctgtgtac ccagectcetg 2400
cagaacctgt tccectacct ggtgteegee gacggcacca ccegtgacaag cggctcecace 2460
aaggacacca gcctgcagge cccacccage tacgaggaat ccegtgtacaa cageggccgg 2520
aagggcccag gccctectag ctetgacgece tcetacagecg cceccacccta caccaacgag 2580
caggcctace agatgcetgct ggccctgget agactggacyg ccgagcagag agcccagcag 2640
aacggaaccg acagcectgga tggccagacce ggcacccagg acaagggceca gaagceccaac 2700
ctgctggace ggctgeggca cagaaagaac ggctaccgge acctgaagga cagcgacgaa 2760
gaggaaaacg tgtaccccta cgacgtgcce gactacgctt ga 2802

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 42
H: 933
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: IgE lea

seque

nce

<400> SEQUENCE: 42

Met Asp Trp
1

His Ser Glu

Ile Val Cys
35

Ser Ala Thr
50

Ser Arg Ser
65

Gly Asp Val

Thr Trp Ile Leu Phe

5

Ser Arg Ile Trp Cys

20

Leu Gly Ala Ala Val

40

His Ser His His Ser

55

Gly Ser Val Ser Ser

70

Arg Ala Asn Glu Thr

85

Val Gly Val Asn Thr

100

der + gB consensus + HA Tag amino acid

Leu Val Ala

Leu Val Val
25

Ser Ser Ser

Ser His Thr

Gln Arg Val
75

Ile Tyr Asn
90

Thr Lys Tyr
105

Ala Ala Thr

Cys Val Asn
30

Ser Thr Arg
45

Thr Ser Ala
60

Thr Ser Ser

Thr Thr Leu

Pro Tyr Arg
110

Arg Val

Leu Cys

Gly Thr

Ala His

Glu Ala
80

Lys Tyr
95

Val Cys



US 9,994,619 B2

157

-continued

158

Ser

Cys

145

Tyr

Thr

Glu

Arg

Glu

225

Ser

Thr

Thr

Gly

Ala

305

Tyr

Asp

Ala

Ser

385

Asn

Lys

Tyr

Trp

Asn
465

Gly

Met

Thr

130

Val

Gln

Tyr

Ile

Val

210

Asn

Thr

Trp

Thr

Asp

290

Ser

Thr

Arg

Ile

Ser

370

Ser

Met

Leu

Gly

Gln

450

Arg

Asn

Tyr

Arg

Ala

115

Ser

Tyr

Lys

Leu

His

195

Ile

Lys

Arg

Leu

Ala

275

Val

Tyr

Ile

Leu

Gln

355

Glu

Ala

Ser

Gln

Asn

435

Gly

Ser

Asn

Ala

Ala
515

Gln

Met

Lys

Val

Leu

180

His

Ala

Thr

Tyr

Tyr

260

Arg

Val

Phe

Val

Val

340

Asp

Arg

Lys

Asp

Gln

420

Val

Ile

Ser

Thr

Gln

500

Leu

Gly

Lys

Arg

Leu

165

Gly

Ile

Gly

Met

Val

245

Arg

Ser

Asp

Gly

Ser

325

Ala

Glu

Thr

Met

Ser

405

Ile

Ser

Lys

Leu

Thr
485

Leu

Ala

Thr

Pro

Asn

150

Thr

Ser

Asn

Thr

Gln

230

Thr

Glu

Lys

Ile

Glu

310

Asp

Phe

Lys

Ile

Thr

390

Ala

Phe

Val

Gln

Asn

470

His

Gln

Gln

Asp Leu Ile Arg Phe Glu Arg Asn Ile
120 125

Ile Asn Glu Asp Leu Asp Glu Gly Ile
135 140

Ile Val Ala His Thr Phe Lys Val Arg
155

Phe Arg Arg Ser Tyr Ala Tyr Ile His
170 175

Asn Thr Glu Tyr Val Ala Pro Pro Met
185 190

Ser His Ser Gln Cys Tyr Ser Ser Tyr
200 205

Val Phe Val Ala Tyr His Arg Asp Ser
215 220

Leu Met Pro Asp Asp Tyr Ser Asn Thr
235

Val Lys Asp Gln Trp His Ser Arg Gly
250 255

Thr Cys Asn Leu Asn Cys Met Val Thr
265 270

Tyr Pro Tyr His Phe Phe Ala Thr Ser
280 285

Ser Pro Phe Tyr Asn Gly Thr Asn Arg
295 300

Asn Ala Asp Lys Phe Phe Ile Phe Pro
315

Phe Gly Arg Pro Asn Ser Ala Leu Glu
330 335

Leu Glu Arg Ala Asp Ser Val Ile Ser
345 350

Asn Val Thr Cys Gln Leu Thr Phe Trp
360 365

Arg Ser Glu Ala Glu Asp Ser Tyr His
375 380

Ala Thr Phe Leu Ser Lys Lys Gln Glu
395

Leu Asp Cys Val Arg Asp Glu Ala Ile
410 415

Asn Thr Ser Tyr Asn Gln Thr Tyr Glu
425 430

Phe Glu Thr Thr Gly Gly Leu Val Val
440 445

Lys Ser Leu Val Glu Leu Glu Arg Leu
455 460

Leu Thr His Arg Thr Lys Arg Ser Thr
475

Leu Ser Asn Met Glu Ser Val His Asn
490 495

Phe Thr Tyr Asp Thr Leu Arg Gly Tyr
505 510

Ile Ala Glu Ala Trp Cys Val Asp Gln
520 525

Val

Met

Val

160

Thr

Trp

Ser

Tyr

His

240

Ser

Ile

Thr

Asn

Asn

320

Thr

Trp

Glu

Phe

Val

400

Asn

Lys

Phe

Ala

Asp

480

Leu

Ile

Arg
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Arg

Ile

545

Asp

Lys

Ser

Tyr

Thr

625

Ser

Ser

Leu

Leu

Asn

705

Pro

Gly

Ala

Phe

Thr

785

Gln

Ser

Glu

Asp

Met

865

Asn

Gln

Arg

Thr

530

Leu

Val

Val

Arg

Gly

610

Glu

Ala

Ser

Glu

Arg

690

Ser

Leu

Ala

Val

Gly

770

Tyr

Asn

Gly

Ser

Ala

850

Leu

Gly

Lys

His

Pro
930

Leu

Ser

Leu

Leu

Pro

595

Gln

Glu

Tyr

Ile

Asn

675

Ser

Tyr

Pro

Ala

Ala

755

Ala

Leu

Leu

Ser

Val

835

Ser

Leu

Thr

Pro

Leu
915

Asp

Glu

Ala

Gly

Arg

580

Val

Leu

Cys

Glu

Ser

660

Thr

Ser

Lys

Pro

Gly

740

Ser

Phe

Ile

Phe

Thr

820

Tyr

Thr

Ala

Asp

Asn
900

Lys

Tyr

Val

Ile

Leu

565

Asp

Val

Gly

Gln

Tyr

645

Thr

Asp

Asn

Gln

Tyr

725

Lys

Val

Thr

Tyr

Pro

805

Lys

Asn

Ala

Leu

Ser
885
Leu

Asp

Ala

Phe

Tyr

550

Ala

Met

Ile

Glu

Leu

630

Val

Val

Phe

Val

Arg

710

Leu

Ala

Val

Ile

Thr

790

Tyr

Asp

Ser

Ala

Ala

870

Leu

Leu

Ser

Lys

535

Asn

Ser

Asn

Phe

Asp

615

Pro

Asp

Asp

Arg

Phe

695

Val

Lys

Val

Glu

Ile

775

Arg

Leu

Thr

Gly

Pro

855

Arg

Asp

Asp

Asp

Glu

Lys

Cys

Val

Asn

600

Asn

Ser

Tyr

Ser

Val

680

Asp

Lys

Gly

Gly

Gly

760

Leu

Gln

Val

Ser

Arg

840

Pro

Leu

Gly

Arg

Glu
920

Leu

Pro

Val

Lys

585

Phe

Glu

Leu

Leu

Met

665

Leu

Leu

Tyr

Leu

Val

745

Val

Val

Arg

Ser

Leu

825

Lys

Tyr

Asp

Gln

Leu
905

Glu

Ser

Ile

Thr

570

Glu

Ala

Ile

Lys

Phe

650

Ile

Glu

Glu

Val

Asp

730

Ala

Ala

Ala

Arg

Ala

810

Gln

Gly

Thr

Ala

Thr
890

Arg

Glu

Lys

Ala

555

Ile

Ser

Asn

Leu

Ile

635

Lys

Ala

Leu

Glu

Glu

715

Asp

Ile

Thr

Ile

Leu

795

Asp

Ala

Pro

Asn

Glu
875
Gly

His

Asn

Ile

540

Ala

Asn

Pro

Ser

Leu

620

Phe

Arg

Leu

Tyr

Ile

700

Asp

Leu

Gly

Phe

Ala

780

Cys

Gly

Pro

Gly

Glu

860

Gln

Thr

Arg

Val

Asn

Arg

Gln

Gly

Ser

605

Gly

Ile

Met

Asp

Ser

685

Met

Lys

Met

Ala

Leu

765

Val

Thr

Thr

Pro

Pro

845

Gln

Arg

Gln

Lys

Tyr
925

Pro

Phe

Thr

Arg

590

Tyr

Asn

Ala

Ile

Ile

670

Gln

Arg

Val

Ser

Val

750

Lys

Val

Gln

Thr

Ser

830

Pro

Ala

Ala

Asp

Asn
910

Pro

Ser

Met

Ser

575

Cys

Val

His

Gly

Asp

655

Asp

Lys

Glu

Val

Gly

735

Gly

Asn

Ile

Pro

Val

815

Tyr

Ser

Tyr

Gln

Lys
895

Gly

Tyr

Ala

Gly

560

Val

Tyr

Gln

Arg

Asn

640

Leu

Pro

Glu

Phe

Asp

720

Leu

Gly

Pro

Ile

Leu

800

Thr

Glu

Ser

Gln

Gln

880

Gly

Tyr

Asp
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<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 43
H: 1197
DNA

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

seque

RE:

nce

<400> SEQUENCE: 43

atggattgga
agccacgtygg
accttegtga
tgcgtgtact
catctgcaca
atgcagctgg
atgcggaagg
gacagcctga
accatgagct
ctgaccatct
ttctteagte
aacctggtygyg
ggctteggea
tacgccatta
aaggtgcagt
atcgtgcagt
ggcatgctgt
ggcagaggca
gecgeectga
gacgacgatg
<210> SEQ I

<211> LENGT.
<212> TYPE:

cctggatect
acaaagtgaa
atgtgtcegt
accacgtggt
cccecatget
tgttcectgge
acaagggcat
cegecttect
tceggetgec
tcaacgtgte
ggctgcacce
aagtggcect
acaacttctt
tcagcatcat
tcggctacca
acgacacctt
tetteatetg
geggeteegt
gccaccacga
aggacttcga
D NO 44

H: 398
PRT

gttectggty

cacccggact

ccacctggty

ggacttcgag

gtttctggac

cgtgaccatce

gagcctgaac

gttcatccty

cagcatgatc

catggtcacc

caagctgaag

gggcttcaac

cgtgcggaca

ctactttctg

cectgggegec

cctgagcaac

ggccatgtte

gaagtaccag

cagcctggaa

ggacgcectac

geegetgeta

tggagcgeca

ctgagcaact

cggctgaaca

agcgtgcage

tactaccteg

cagagcaccc

agcatggaca

gectttatgg

cagtacagaa

ggcaccgtee

accaccgtygg

ggccacatgg

ctgatcgagg

ttttteggee

gagtaccgga

accacctgte

geectggeca

agcagacggc

cecctacgacy

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: IgE lea

seque

nce

<400> SEQUENCE: 44

Met Asp Trp
1

His Ser Ala
Ala Ser Ile
35

Leu Val Leu
50

His Val Val
65

Thr Trp Ile Leu Phe

Pro Ser His Val Asp

20

Val Phe Met Val Leu

40

Ser Asn Phe Pro His

55

Asp Phe Glu Arg Leu

70

Thr Pro Met Leu Phe

85

der

Leu

Lys

25

Thr

Leu

Asn

Leu

ccegggteca

gecatcgtgtt

tcceccacct

tgagcgecta

tcgtgtgeta

tgtgctggat

gggacatcag

ccttecaget

cecgecgteca

gctacaageg

agttcecggac

tggctatgge

tgctggecegt

cegtgttett

tgtgcggect

ccggcatcag

gggcegtgeg

cagccagegyg

tgagagagga

tgcccgacta

cagtgcacce

catggtgetyg

gggctaccce

caacgtgatg

cgcegtgttt

caagatttct

ctacatggge

gttcaccetyg

cttettetgt

gagcctgtte

cctgategty

tctgtgctac

gttcgtggtyg

ccagtacgtyg

gatctaccce

ctggtectte

gtacttcaga

cgaagaagtyg

agaggacgac

tgcctga

IgE leader + gM consensus + HA Tag nucleic acid

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1197

+ gM consensus + HA Tag amino acid

Val
10

Val

Phe

Gly

Met

Asp
90

Ala

Asn

Val

Tyr

Ser

75

Ser

Ala Ala Thr

Thr Arg Thr
30

Asn Val Ser
45

Pro Cys Val
60

Ala Tyr Asn

Val Gln Leu

Arg Val
15

Trp Ser

Val His

Tyr Tyr

Val Met

80

Val Cys
95
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Tyr Ala Val
Leu Val Cys
115

Leu Asn Gln
130

Ala Phe Leu
145

Thr Met Ser

His Phe Phe

Arg Ser Tyr

195

Leu Lys Gly
210

Val Ala Leu
225

Gly Phe Gly

Val Phe Val

Glu Ala Val

275

Gly Ala Phe
290

Asp Thr Phe
305

Gly Met Leu

Arg Tyr Phe

Ala Thr Ala

355

Leu Glu Ser
370

Asp Phe Glu
385

<210> SEQ I
<211> LENGT.
<212> TYPE:

Phe Met Gln Leu Val

100

Trp Ile Lys Ile Ser

120

Ser Thr Arg Asp Ile

135

Phe Ile Leu Ser Met
150

Phe Arg Leu Pro Ser

165

Cys Leu Thr Ile Phe

180

Lys Arg Ser Leu Phe

200

Thr Val Gln Phe Arg

215

Gly Phe Asn Thr Thr
230

Asn Asn Phe Phe Val

245

Val Tyr Ala Ile Ile

260

Phe Phe Gln Tyr Val

280

Phe Gly Leu Cys Gly

295

Leu Ser Asn Glu Tyr
310

Phe Phe Ile Trp Ala

325

Arg Gly Arg Gly Ser

340

Ser Gly Glu Glu Val

360

Arg Arg Leu Arg Glu

375

Asp Ala Tyr Pro Tyr
390

D NO 45
H: 489
DNA

Phe Leu Ala
105

Met Arg Lys

Ser Tyr Met

Asp Thr Phe

155

Met Ile Ala
170

Asn Val Ser
185

Phe Phe Ser

Thr Leu Ile

Val Val Ala

235

Arg Thr Gly
250

Ser Ile Ile
265

Lys Val Gln

Leu Ile Tyr

Arg Thr Gly

315

Met Phe Thr
330

Gly Ser Val
345

Ala Ala Leu

Glu Glu Asp

Asp Val Pro
395

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: IgE lea

seque

nce

<400> SEQUENCE: 45

atggattgga

aacaccctygg

actgccagca

accaccgcca

aagcccggea

tacaaggccc

cctggatect

tgctgggtet

ccececcagecce

ccacaagcac

gcaccactca

actgcaccag

gttectggty

gCtggthtg

tagcagcage

cacaacagcc

cgaccccaac

ccatatgtac

Val Thr Ile
110

Asp Lys Gly
125

Gly Asp Ser
140

Gln Leu Phe

Phe Met Ala

Met Val Thr

190

Arg Leu His
205

Val Asn Leu
220

Met Ala Leu

His Met Val

Tyr Phe Leu

270

Phe Gly Tyr
285

Pro Ile Val
300

Ile Ser Trp

Thr Cys Arg

Lys Tyr Gln

350

Ser His His
365

Asp Asp Asp
380

Asp Tyr Ala

Tyr Tyr

Met Ser

Leu Thr

Thr Leu
160

Ala Val
175

Gln Tyr

Pro Lys

Val Glu

Cys Tyr

240

Leu Ala
255

Leu Ile

His Leu

Gln Tyr

Ser Phe

320
Ala Val
335
Ala Leu

Asp Ser

Asp Glu

der + gN consensus + HA Tag nucleic acid

geegetgeta

tctgtggecy

acccacacct

accagcacca

gtgatgagge

gagctgagee

ccegggteca

ccagcagcaa

ccaccaccgt

cctettecac

cccacgceccca

tgagcagett

cagtgagtgg

caacaccagc

gaaggccace

caccagcaca

caacgacttce

cgecegectygyg

60

120

180

240

300

360
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166

tggaccatge tgaacgccct gatcctgatg ggegecttet geatcegtget geggcactge
tgcttccaga acttcaccge cacaaccacce aagggctact acccttacga tgtgectgat

tatgcctga

<210> SEQ ID NO 46

<211> LENGTH: 162

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

420

480

489

<223> OTHER INFORMATION: IgE leader + gN consensus + HA Tag amino acid

sequence
<400> SEQUENCE: 46

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val
1 5 10 15

His Ser Glu Trp Asn Thr Leu Val Leu Gly Leu Leu Val Leu Ser Val
20 25 30

Ala Ala Ser Ser Asn Asn Thr Ser Thr Ala Ser Thr Pro Ser Pro Ser
35 40 45

Ser Ser Thr His Thr Ser Thr Thr Val Lys Ala Thr Thr Thr Ala Thr
50 55 60

Thr Ser Thr Thr Thr Ala Thr Ser Thr Thr Ser Ser Thr Thr Ser Thr
65 70 75 80

Lys Pro Gly Ser Thr Thr His Asp Pro Asn Val Met Arg Pro His Ala
85 90 95

His Asn Asp Phe Tyr Lys Ala His Cys Thr Ser His Met Tyr Glu Leu
100 105 110

Ser Leu Ser Ser Phe Ala Ala Trp Trp Thr Met Leu Asn Ala Leu Ile
115 120 125

Leu Met Gly Ala Phe Cys Ile Val Leu Arg His Cys Cys Phe Gln Asn
130 135 140

Phe Thr Ala Thr Thr Thr Lys Gly Tyr Tyr Pro Tyr Asp Val Pro Asp
145 150 155 160

Tyr Ala

<210> SEQ ID NO 47

<211> LENGTH: 2310

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: IgE leader + gH consensus + HA Tag nucleic acid

sequence

<400> SEQUENCE: 47

atggactgga cctggatcct gttectggtg geegetgeta cecgggtgea cagtcegacece

ggcctgecca gctacctgac cgtgttegee gtgtacctge tgagecatcet geccagecag

agatacggeg ccgatgecge ctetgaggee ctggatecte acgectteca tetgetgetg

aacacctacg gcagacctat ceggttectyg cgegagaaca ccacccagtyg cacctacaac

agcagcctge ggaacagcac cgtegtgege gagaatgcta tcagcttcaa cttettecag

agctacaacc agtactacgt gttccacatg cceeggtgec tgttegeegg acctetggece

gagcagttce tgaaccaggt ggacctgacce gagacactgg aaagatacca gcageggetg

aatacctacg ccctggtgte caaggacctg gecagctace ggtecttcag ccagcagetg

aaggctcagg acagcctggg cgagcagect accaccgtge cecctecaat cgacctgage

60

120

180

240

300

360

420

480

540
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168

-continued
atcceccacyg tgtggatgcce cccccagacce acacctcacyg gctggaaaga gagccacace 600
accagcggee tgcacagacc ccacttcaac cagacctgea ttetgttega cggecacgac 660
ctgctgttea gcaccgtgac ccectgectyg caccaggget tctacctgat cgacgagetg 720
agatacgtga agatcaccct gaccgaggat ttettegtgg tcaccgtgte catcgacgac 780
gacacccceca tgcetgectgat ctteggecat ctgcecteggg tgctgttcaa ggecccctac 840
cagcgggaca acttcatcct gecggcagacce gagaagcacyg agcetgctggt getggtcaag 900
aaggaccagc tgaaccggca ctcctacctg aaggaccceeg acttectgga cgccgecctg 960
gacttcaact acctggacct gagcgccectg ctgagaaaca gcttccacag atacgcegtyg 1020
gacgtgctga agtccggccg gtgccagatg ctggacagac ggaccgtgga aatggcectte 1080
gcctatgece tggecctgtt tgccgeceget cggcaggaag aggctggegce tgaagtgtcece 1140
gtgcccagag ccctggacag acaggccgcet ctgctgcaga tcecaggaatt catgatcacce 1200
tgtctgagecce agaccccecece teggaccace ctgetgetgt accctaccge cgtggatctg 1260
gccaageggyg cectgtggac ccccaaccag atcaccgaca tcacaagect cgtgeggetg 1320
gtgtacatce tgagcaagca gaaccagcag cacctgatce ceccagtggge cctgagacag 1380
atcgccgact tecgcecctgaa gcectgcacaag acccacctgg ctagectttet gagegcectte 1440
gctaggcagg aactgtacct gatgggcagce ctggtgcact ccatgctggt gcacaccacce 1500
gagaggcggyg aaatcttcat cgtggaaacc ggectgtgca gectggecga getgagecac 1560
ttcacccage tgctggecca cccccaccac gagtacctga gegacctgta cacccectge 1620
agctctageg gcagacggga tcacagectg gaacggcetga cceeggetgtt cccegatgece 1680
acagtgcctg ccactgtgec agccgccctg tccatcetgt ccaccatgca geccagcacce 1740
ctggaaacct tccccgacct gttcectgectg ccecectgggeg agagcttcag cgccctgaca 1800
gtgtccgage acgtgtccta cgtggtcacce aaccagtacc tgatcaaggg catcagctac 1860
ccegtgteca ccaccgtegt gggccagage ctgatcatca cccagaccga cagccagace 1920
aagtgcgagce tgacccggaa catgcacacc acacacagca tcactgccege cctgaacate 1980
agcctggaaa actgcgcectt ctgccagtct gcectgetgg aatacgacga tacccagggce 2040
gtgatcaaca tcatgtacat gcacgacagc gacgacgtgc tgttcgccct ggacccctac 2100
aacgaggtgg tggtgtccag cccccggacce cactacctga tgctgctgaa gaacggcace 2160
gtgctggaag tgaccgacgt ggtggtggac gccaccgaca gcagactgct gatgatgage 2220
gtgtacgccece tgagcgccat catcggcatce tacctgctgt accggatgcet gaaaacctge 2280
taccecctacg acgtgcccga ctacgcectga 2310

<210> SEQ ID NO 48
<211> LENGTH: 769

<212> TYPE

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

sequence

<400> SEQUENCE: 48

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr

1

His Ser Arg Pro Gly Leu Pro Ser Tyr
25

Leu Leu Ser His Leu Pro Ser Gln Arg

35

5

20

40

IgE leader

10

+ gH consensus + HA

Leu Thr Val Phe Ala

30

Tyr Gly Ala Asp Ala

45

Arg Val
15

Val Tyr

Ala Ser

Tag amino acid
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169

-continued

170

Glu

Arg

65

Ser

Asn

Cys

Leu

Leu

145

Lys

Ile

Phe

Thr

225

Arg

Ser

Arg

Gln

Asn

305

Asp

Arg

Arg

Ala

Leu

385

Cys

Ala

Asp

Gln

Ala

Pro

Ser

Phe

Leu

Thr

130

Val

Ala

Asp

Gly

Asn

210

Val

Tyr

Ile

Val

Thr

290

Arg

Phe

Tyr

Arg

Ala

370

Asp

Leu

Val

Ile

Gln
450

Leu

Ile

Leu

Phe

Phe

115

Glu

Ser

Gln

Leu

Trp

195

Gln

Thr

Val

Asp

Leu

275

Glu

His

Asn

Ala

Thr

355

Arg

Arg

Ser

Asp

Thr
435

His

Asp

Arg

Arg

Gln

100

Ala

Thr

Lys

Asp

Ser

180

Lys

Thr

Pro

Lys

Asp

260

Phe

Lys

Ser

Tyr

Val

340

Val

Gln

Gln

Gln

Leu
420

Ser

Leu

Pro

Phe

Asn

85

Ser

Gly

Leu

Asp

Ser

165

Ile

Glu

Cys

Cys

Ile

245

Asp

Lys

His

Tyr

Leu

325

Asp

Glu

Glu

Ala

Thr
405
Ala

Leu

Ile

His

Leu

70

Ser

Tyr

Pro

Glu

Leu

150

Leu

Pro

Ser

Ile

Leu

230

Thr

Thr

Ala

Glu

Leu

310

Asp

Val

Met

Glu

Ala

390

Pro

Lys

Val

Pro

Ala Phe His Leu Leu Leu Asn Thr Tyr
55 60

Arg Glu Asn Thr Thr Gln Cys Thr Tyr
75

Thr Val Val Arg Glu Asn Ala Ile Ser
90 95

Asn Gln Tyr Tyr Val Phe His Met Pro
105 110

Leu Ala Glu Gln Phe Leu Asn Gln Val
120 125

Arg Tyr Gln Gln Arg Leu Asn Thr Tyr
135 140

Ala Ser Tyr Arg Ser Phe Ser Gln Gln
155

Gly Glu Gln Pro Thr Thr Val Pro Pro
170 175

His Val Trp Met Pro Pro Gln Thr Thr
185 190

His Thr Thr Ser Gly Leu His Arg Pro
200 205

Leu Phe Asp Gly His Asp Leu Leu Phe
215 220

His Gln Gly Phe Tyr Leu Ile Asp Glu
235

Leu Thr Glu Asp Phe Phe Val Val Thr
250 255

Pro Met Leu Leu Ile Phe Gly His Leu
265 270

Pro Tyr Gln Arg Asp Asn Phe Ile Leu
280 285

Leu Leu Val Leu Val Lys Lys Asp Gln
295 300

Lys Asp Pro Asp Phe Leu Asp Ala Ala
315

Leu Ser Ala Leu Leu Arg Asn Ser Phe
330 335

Leu Lys Ser Gly Arg Cys Gln Met Leu
345 350

Ala Phe Ala Tyr Ala Leu Ala Leu Phe
360 365

Ala Gly Ala Glu Val Ser Val Pro Arg
375 380

Leu Leu Gln Ile Gln Glu Phe Met Ile
395

Pro Arg Thr Thr Leu Leu Leu Tyr Pro
410 415

Arg Ala Leu Trp Thr Pro Asn Gln Ile
425 430

Arg Leu Val Tyr Ile Leu Ser Lys Gln
440 445

Gln Trp Ala Leu Arg Gln Ile Ala Asp
455 460

Gly

Asn

80

Phe

Arg

Asp

Ala

Leu

160

Pro

Pro

His

Ser

Leu

240

Val

Pro

Arg

Leu

Leu

320

His

Asp

Ala

Ala

Thr

400

Thr

Thr

Asn

Phe
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-continued

172

Ala Leu Lys
465

Ala Arg Gln

Val His Thr

Cys Ser Leu

515

His His Glu
530

Arg Arg Asp
545

Thr Val Pro

Gln Pro Ser

Gly Glu Ser

595

Val Thr Asn
610

Thr Val Val
625

Lys Cys Glu

Ala Leu Asn

Leu Glu Tyr
675

Asp Ser Asp
690

Val Ser Ser

Val Leu Glu

Leu Met Met

Leu Tyr Arg

755

Ala

Leu

Glu

Thr

500

Ala

Tyr

His

Ala

Thr

580

Phe

Gln

Gly

Leu

Ile

660

Asp

Asp

Pro

Val

Ser

740

Met

His

Leu

485

Glu

Glu

Leu

Ser

Thr

565

Leu

Ser

Tyr

Gln

Thr

645

Ser

Asp

Val

Arg

Thr

725

Val

Leu

<210> SEQ ID NO 49

<211> LENGT.
<212> TYPE:

H:
DNA

915

Lys Thr His
470

Tyr Leu Met

Arg Arg Glu

Leu Ser His

520

Ser Asp Leu
535

Leu Glu Arg
550

Val Pro Ala

Glu Thr Phe

Ala Leu Thr

600

Leu Ile Lys
615

Ser Leu Ile
630

Arg Asn Met

Leu Glu Asn

Thr Gln Gly

680

Leu Phe Ala
695

Thr His Tyr
710

Asp Val Val

Tyr Ala Leu

Lys Thr Cys
760

Leu

Gly

Ile

505

Phe

Tyr

Leu

Ala

Pro

585

Val

Gly

Ile

His

Cys

665

Val

Leu

Leu

Val

Ser

745

Tyr

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

seque

RE:

nce

<400> SEQUENCE:

49

atggattgga cctggatect gtttetggtg

cggeccgact

ctgetgecca

ccagecgagt

aagtacgaga

geggetteag cttcagecct

tcgtgtecte tgccgeegtyg

gecectgaget gaccagacgg

getggetgeg geccetggte

Ala

Ser

490

Phe

Thr

Thr

Thr

Leu

570

Asp

Ser

Ile

Thr

Thr

650

Ala

Ile

Asp

Met

Asp

730

Ala

Pro

Ser

475

Leu

Ile

Gln

Pro

Arg

555

Ser

Leu

Glu

Ser

Gln

635

Thr

Phe

Asn

Pro

Leu

715

Ala

Ile

Tyr

gecgetgceaa

ggcccegtga

tctgtggece

tgtctgetygy

aacgtgaccyg

Phe Leu Ser

Val His Ser

Val Glu Thr

510

Leu Leu Ala
525

Cys Ser Ser
540

Leu Phe Pro

Ile Leu Ser

Phe Cys Leu

590

His Val Ser
605

Tyr Pro Val
620

Thr Asp Ser

His Ser Ile

Cys Gln Ser
670

Ile Met Tyr
685

Tyr Asn Glu
700

Leu Lys Asn

Thr Asp Ser

Ile Gly Ile
750

Asp Val Pro
765

caagggtcca
tcctgetgty
ctacagcege
gegaggtgtt

gcagagatgg

Ala Phe
480

Met Leu
495

Gly Leu

His Pro

Ser Gly

Asp Ala
560

Thr Met
575

Pro Leu

Tyr Val

Ser Thr

Gln Thr
640

Thr Ala
655

Ala Leu

Met His

Val Val

Gly Thr
720

Arg Leu
735

Tyr Leu

Asp Tyr

ctcttgcagy
gtgctgecetyg
cgagaaggtyg
ccagggcgat

ccecectgage

IgE leader + gL consensus + HA Tag nucleic acid

60

120

180

240

300
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174

-continued
cagctgatcee ggtacagacce cgtgaccect gaggecgeca acagegtget gctggacgaa 360
gectttetgyg acacactgge cctgetgtac aacaaccccg accagcetgeg ggecctgetg 420
acactgctga gcagcgatac cgcccccaga tggatgaceyg tgatgcegggyg ctacagcgag 480
tgcggegacyg gatcteccge cgtgtacacce tgtgtggacyg acctgtgecyg gggctacgac 540
ctgaccagac tgagctacgg ccggtccate ttcacagage acgtgcetggyg cttegagetg 600
gtgcccceca gectgttcaa tgtggtggtg gecatceecgga acgaggcecac ccggaccaac 660
agagcagtgce ggctgectgt gtccaccget getgetcecag agggcatcac cctgttctac 720
ggectgtaca acgccgtgaa agagttctge ctgagacacce agetggaccce cecectgetyg 780
cggcacctgg acaagtacta cgccggectyg cctceccgage tgaagcagac cagagtgaac 840
ctgcecgece acagcagata cggccctcag gecgtggacyg ccagatacce ttacgatgtg 900
cctgattatg cctga 915

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 50
H: 304
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: IgE lea

seque

nce

<400> SEQUENCE: 50

Met Asp Trp
1

His Ser Cys
Val Ile Leu
35

Ala Val Ser
50

Pro Glu Leu
65

Lys Tyr Glu

Gly Pro Leu

Ala Asn Ser
115

Leu Tyr Asn
130

Ser Asp Thr
145

Cys Gly Asp

Arg Gly Tyr

Glu His Val

195

Val Val Ala
210

Leu Pro Val
225

Thr Trp Ile Leu Phe

5

Arg Arg Pro Asp Cys

20

Leu Trp Cys Cys Leu

40

Val Ala Pro Thr Ala

55

Thr Arg Arg Cys Leu

Ser Trp Leu Arg Pro

85

Ser Gln Leu Ile Arg

100

Val Leu Leu Asp Glu

120

Asn Pro Asp Gln Leu

135

Ala Pro Arg Trp Met
150

Gly Ser Pro Ala Val

165

Asp Leu Thr Arg Leu

180

Leu Gly Phe Glu Leu

200

Ile Arg Asn Glu Ala

215

Ser Thr Ala Ala Ala
230

der + gL Consensus + HA Tag amino acid

Leu Val Ala
Gly Phe Ser
25

Leu Leu Pro

Ala Glu Lys

Leu Gly Glu
75

Leu Val Asn
90

Tyr Arg Pro
105

Ala Phe Leu

Arg Ala Leu

Thr Val Met
155

Tyr Thr Cys
170

Ser Tyr Gly
185

Val Pro Pro

Thr Arg Thr

Pro Glu Gly
235

Ala Ala Thr
Phe Ser Pro
30

Ile Val Ser
45

Val Pro Ala
60

Val Phe Gln

Val Thr Gly

Val Thr Pro

110

Asp Thr Leu
125

Leu Thr Leu
140

Arg Gly Tyr

Val Asp Asp

Arg Ser Ile

190

Ser Leu Phe
205

Asn Arg Ala
220

Ile Thr Leu

Arg Val

Gly Pro

Ser Ala

Glu Cys

Gly Asp

Arg Asp

95

Glu Ala

Ala Leu

Leu Ser

Ser Glu

160

Leu Cys

175

Phe Thr

Asn Val

Val Arg

Phe Tyr
240
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-continued

176

Gly

Pro

Glu

Pro

Leu Tyr

Asn Ala Val Lys Glu

245

Pro Leu Leu Arg His Leu Asp

Leu Lys
275

Gln Ala
290

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213>

<220> FEATU

<223>

seque

260

Gln Thr Arg Val Asn

280

Val Asp Ala Arg Tyr

D NO 51
H: 1497

DNA
RE:

nce

<400> SEQUENCE: 51

atggactgga cctggatcct

aaagaaatga

ctgetgetga

tggccctaca

atcctgaage

cagcagaaat

gecggaccca

ctgceggaage

ctgeggecte

gtgtccaage

atgttcttca

gtggacagce

agaaactgca

cccaagtaca

gecctggtea

tacctgaget

acagcegecg

atgaagtcca

cggtacagaa

atgaagaata

gacatgagca

aacaacgaaa

ctgtgggact

ctgeeegect

ctgaacagcc

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213>

<220> FEATU

tcatggtcaa

gectgatcaa

cegtgetgag

ggctgatgag

tccacgecat

tccggaacga

ccgecaaata

ccecttgegy

ggaacgacac

acgtgeceeg

agaccatcta

cceggtectt

tcaacggcac

aagagcagcc

acaccaccag

tgaccagagt

tcatggecac

acgagcectt

cccacgtget

gectgtacta

ccaccececac

acctggacag

acggcaacct

tgtggtggtyg
D NO 52
H: 498

PRT

RE:

295

OTHER INFORMATION: IgE lea

gttectggte

gggcatccce

ctgcaacgtyg

ctaccgggge

caccagcage

cgtgatcage

cagcatcacc

cgtgtacage

caccgtgece

cggcgagaag

gtggaacacc

ctttetggge

ctacctggte

caagctgaag

ccagaagaag

caccgectte

ggccacctee

ccagctgagyg

ctgcaagece

gatccgcaac

caacgagaca

cagccecage

cctgetgtte

gacccecect

getgcagtac

Phe Cys Leu
250

Lys Tyr Tyr
265

Leu Pro Ala

Pro Tyr Asp

ORGANISM: Artificial Sequence

Arg His Gln Leu Asp

255

Ala Gly Leu Pro Pro

270

His Ser Arg

285

Val Pro Asp

300

Tyr Gly

Tyr Ala

der + gO consensus + HA Tag nucleic acid

gecgetgceaa

aagatcatgc

ctggtcaaca

aaagagatcc

gacggctace

atggacaagt

cacatgtggt

gagtacaacc

agcatgaact

ggctgcggca

aagctgtaca

ctgaccgece

aacgccatga

aacaccatge

aacaagaagt

aacgtgacca

accaccgget

gacctggeca

gaccggaaca

gagacaccct

atgagcgteg

acceggttec

ctggacaaga

gaacacagaa

cecctacgacy

ORGANISM: Artificial Sequence

ctagagtgca

tgctgatcag

gcaagggcac

tgaagaagca

ggttcctgat

tcceccagga

tcgacttcta

acaccgccca

gectgagega

acttcaccac

tcggcagcaa

tgctgetgeg

gecggaacct

ggaagctgaa

cccagageac

ccaacgtgac

accggeccga

cctgggtgta

gaaccgcegt

acaccatcta

agaacgagac

agcggacctt

tccggaactt

gggccgcecaa

tgcccgacta

cagcggcaag

catcaccttt

acggcggagc

gaaagaggac

gtaccccage

ctacatcctyg

cagcacccag

caagatcacc

gatgctgaac

cttcaaccce

caaagtgaac

ctacgeccag

gttCnggtg

dcggaageag

caccaccccece

ctacagcgec

cagcaacttce

caccaccctyg

gtcegagtte

cggcacccty

agccagcgac

catcgaccce

cagcctgeag

cctgageace

cgectga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1497
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177 178

-continued

<223> OTHER INFORMATION: IgE leader + gO consensus + HA Tag amino acid
sequence

<400> SEQUENCE: 52

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val
1 5 10 15

His Ser Gly Lys Lys Glu Met Ile Met Val Lys Gly Ile Pro Lys Ile
20 25 30

Met Leu Leu Ile Ser Ile Thr Phe Leu Leu Leu Ser Leu Ile Asn Cys
35 40 45

Asn Val Leu Val Asn Ser Lys Gly Thr Arg Arg Ser Trp Pro Tyr Thr
50 55 60

Val Leu Ser Tyr Arg Gly Lys Glu Ile Leu Lys Lys Gln Lys Glu Asp
65 70 75 80

Ile Leu Lys Arg Leu Met Ser Thr Ser Ser Asp Gly Tyr Arg Phe Leu
85 90 95

Met Tyr Pro Ser Gln Gln Lys Phe His Ala Ile Val Ile Ser Met Asp
100 105 110

Lys Phe Pro Gln Asp Tyr Ile Leu Ala Gly Pro Ile Arg Asn Asp Ser
115 120 125

Ile Thr His Met Trp Phe Asp Phe Tyr Ser Thr Gln Leu Arg Lys Pro
130 135 140

Ala Lys Tyr Val Tyr Ser Glu Tyr Asn His Thr Ala His Lys Ile Thr
145 150 155 160

Leu Arg Pro Pro Pro Cys Gly Thr Val Pro Ser Met Asn Cys Leu Ser
165 170 175

Glu Met Leu Asn Val Ser Lys Arg Asn Asp Thr Gly Glu Lys Gly Cys
180 185 190

Gly Asn Phe Thr Thr Phe Asn Pro Met Phe Phe Asn Val Pro Arg Trp
195 200 205

Asn Thr Lys Leu Tyr Ile Gly Ser Asn Lys Val Asn Val Asp Ser Gln
210 215 220

Thr Ile Tyr Phe Leu Gly Leu Thr Ala Leu Leu Leu Arg Tyr Ala Gln
225 230 235 240

Arg Asn Cys Thr Arg Ser Phe Tyr Leu Val Asn Ala Met Ser Arg Asn
245 250 255

Leu Phe Arg Val Pro Lys Tyr Ile Asn Gly Thr Lys Leu Lys Asn Thr
260 265 270

Met Arg Lys Leu Lys Arg Lys Gln Ala Leu Val Lys Glu Gln Pro Gln
275 280 285

Lys Lys Asn Lys Lys Ser Gln Ser Thr Thr Thr Pro Tyr Leu Ser Tyr
290 295 300

Thr Thr Ser Thr Ala Phe Asn Val Thr Thr Asn Val Thr Tyr Ser Ala
305 310 315 320

Thr Ala Ala Val Thr Arg Val Ala Thr Ser Thr Thr Gly Tyr Arg Pro
325 330 335

Asp Ser Asn Phe Met Lys Ser Ile Met Ala Thr Gln Leu Arg Asp Leu
340 345 350

Ala Thr Trp Val Tyr Thr Thr Leu Arg Tyr Arg Asn Glu Pro Phe Cys
355 360 365

Lys Pro Asp Arg Asn Arg Thr Ala Val Ser Glu Phe Met Lys Asn Thr
370 375 380

His Val Leu Ile Arg Asn Glu Thr Pro Tyr Thr Ile Tyr Gly Thr Leu
385 390 395 400



179

US 9,994,619 B2

-continued

180

Asp

Thr

Phe

Leu

Gly

465

Leu

Tyr

Met Ser Ser Leu Tyr Tyr Asn Glu Thr Met
405 410

Ala Ser Asp Asn Asn Glu Thr Thr Pro Thr
420 425

Gln Arg Thr Phe Ile Asp Pro Leu Trp Asp
435 440

Phe Leu Asp Lys Ile Arg Asn Phe Ser Leu
450 455

Asn Leu Thr Pro Pro Glu His Arg Arg Ala
470 475

Asn Ser Leu Trp Trp Trp Leu Gln Tyr Pro
485 490

Ala

<210> SEQ ID NO 53

<211> LENGTH: 594

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: IgE leader + UL128

acid sequence

<400> SEQUENCE: 53

atggattgga cctggatcct gtttetggtyg geegetgeaa

aaggatctga ccectttect gaccgecetyg tggetgetece

agagtgcggyg ccgaggaatg ctgcgagtte atcaacgtga

tacgacttca agatgtgcaa ccggttcace gtggetctga

tgctacagce ccgagaaaac cgccgagate cggggeateg

ctgaccagac aggtggtgca taacaagetg accagttgea

gaagccgacg gccggatcag atgeggcaaa gtgaacgaca

getgcaggca gtgtgcecta cagatggatc aacctggaat

gtgggectgg accagtacct ggaaagegtyg aagaagcaca

gccaagatgg gctacatget gcagtaccca tatgacgtcee

<210> SEQ ID NO 54

<211> LENGTH: 197

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: IgE leader + UL128

acid sequence

<400> SEQUENCE: 54

Met
1

His

Leu

Glu

Met

65

Cys

Asp Trp Thr Trp Ile Leu Phe Leu Val Ala

Ser Ser Pro Lys Asp Leu Thr Pro Phe Leu
20 25

Leu Gly His Ser Arg Val Pro Arg Val Arg
35 40

Phe Ile Asn Val Asn His Pro Pro Glu Arg
50 55

Cys Asn Arg Phe Thr Val Ala Leu Arg Cys
70 75

Tyr Ser Pro Glu Lys Thr Ala Glu Ile Arg

Ser

Ser

Tyr

Gln

460

Ala

Tyr

Val Glu Asn

Pro

Leu

445

Leu

Asn

Asp

Ser

430

Asp

Pro

Leu

Val

415

Thr

Ser

Ala

Ser

Pro
495

Glu

Arg

Leu

Tyr

Thr

480

Asp

consensus + HA Tag nucleic

caagggtcca

tgggccacag

accaccecccece

gatgcccega

tgaccaccat

actacaaccce

aggcccagta

acgacaagat

agcggctgga

ccgattacge

consensus +

Ala

Thr

Ala

Cys

60

Pro

Gly

Ala

Ala

Glu

45

Tyr

Asp

Ile

Thr

Leu

30

Glu

Asp

Gly

Val

ctctagecce

cagagtgect

cgageggtge

cggcgaagtg

gacccacagce

cctgtaccty

cectgetggge

cacccggatce

cgtgtgeegg

ttga

HA Tag amino

Arg

15

Trp

Cys

Phe

Glu

Thr

Val

Leu

Cys

Lys

Val

80

Thr

60

120

180

240

300

360

420

480

540

594
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182

-continued
85 90 95
Met Thr His Ser Leu Thr Arg Gln Val Val His Asn Lys Leu Thr Ser
100 105 110
Cys Asn Tyr Asn Pro Leu Tyr Leu Glu Ala Asp Gly Arg Ile Arg Cys
115 120 125
Gly Lys Val Asn Asp Lys Ala Gln Tyr Leu Leu Gly Ala Ala Gly Ser
130 135 140
Val Pro Tyr Arg Trp Ile Asn Leu Glu Tyr Asp Lys Ile Thr Arg Ile
145 150 155 160
Val Gly Leu Asp Gln Tyr Leu Glu Ser Val Lys Lys His Lys Arg Leu
165 170 175
Asp Val Cys Arg Ala Lys Met Gly Tyr Met Leu Gln Tyr Pro Tyr Asp
180 185 190
Val Pro Asp Tyr Ala
195

<210> SEQ ID NO 55
<211> LENGTH: 723
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: IgE leader + UL130 consensus + HA Tag nucleic

acid sequence
<400> SEQUENCE: 55
atggactgga cctggatcct gttcectggte gecgetgeta ceegggtgea cagectgegyg 60
ctgctgetge ggcaccactt ccactgectg ctgetgtgtyg cegtgtggge caccecttgt 120
ctggecagee cttggagcac cctgaccgece aaccagaacce ctageccccee ctggtccaag 180
ctgacctaca gcaagcccca cgacgecget accttctact geccattect gtaccccage 240
ccteccagaa gceccectgca gttcagegge ttecageggyg tgtecacegyg ccectgagtge 300
cggaacgaga cactgtacct gectgtacaac cgecgagggece agaccctggt ggaacggtcet 360
agcacctggg tcaagaaagt gatctggtat ctgagcggec ggaaccagac catcctgcag 420
cggatgecte ggaccgecag caagcectage gacggcaacyg tgcagatcag cgtggaagat 480
gccaaaatct teggegcecca catggtgecce aagcagacca agetgctgag attcgtggte 540
aacgacggca ccagatacca gatgtgegtg atgaagetgg aaagctggge ccacgtgtte 600
cgggactaca gcgtgtcatt ccaggteccga ctgacctteca ccgaggccaa caaccagace 660
tacaccttet gcacccacce caacctgatce gtctacccett acgacgtgec agattatgece 720
tga 723
<210> SEQ ID NO 56
<211> LENGTH: 240
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: IgE leader + UL130 consensus + HA Tag amino

acid sequence

<400> SEQUENCE:

56

Met Asp Trp Thr Trp Ile Leu Phe Leu

1

5

His Ser Leu Arg Leu Leu Leu Arg His

20

25

Cys Ala Val Trp Ala Thr Pro Cys Leu

35

40

Val Ala
10

His Phe

Ala Ser

Ala

His

Pro

Ala

Cys

Trp
45

Thr

Leu

Ser

Arg Val
15

Leu Leu

Thr Leu
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-continued

Thr Ala Asn Gln Asn Pro Ser Pro Pro Trp Ser Lys Leu Thr Tyr Ser
50 55 60

Lys Pro His Asp Ala Ala Thr Phe Tyr Cys Pro Phe Leu Tyr Pro Ser
65 70 75 80

Pro Pro Arg Ser Pro Leu Gln Phe Ser Gly Phe Gln Arg Val Ser Thr
85 90 95

Gly Pro Glu Cys Arg Asn Glu Thr Leu Tyr Leu Leu Tyr Asn Arg Glu
100 105 110

Gly Gln Thr Leu Val Glu Arg Ser Ser Thr Trp Val Lys Lys Val Ile
115 120 125

Trp Tyr Leu Ser Gly Arg Asn Gln Thr Ile Leu Gln Arg Met Pro Arg
130 135 140

Thr Ala Ser Lys Pro Ser Asp Gly Asn Val Gln Ile Ser Val Glu Asp
145 150 155 160

Ala Lys Ile Phe Gly Ala His Met Val Pro Lys Gln Thr Lys Leu Leu
165 170 175

Arg Phe Val Val Asn Asp Gly Thr Arg Tyr Gln Met Cys Val Met Lys
180 185 190

Leu Glu Ser Trp Ala His Val Phe Arg Asp Tyr Ser Val Ser Phe Gln
195 200 205

Val Arg Leu Thr Phe Thr Glu Ala Asn Asn Gln Thr Tyr Thr Phe Cys
210 215 220

Thr His Pro Asn Leu Ile Val Tyr Pro Tyr Asp Val Pro Asp Tyr Ala
225 230 235 240

<210> SEQ ID NO 57

<211> LENGTH: 468

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: IgE leader + ULl3la consensus + HA Tag nucleic
acid sequence

<400> SEQUENCE: 57
atggactgga cctggatcct gttectggte geegetgeta cecgggtgca cagcagactg 60

tgcagagtgt ggctgagegt gtgectgtge geegtggtge tgggccagtyg ccagagagag 120

acagccgaga agaacgacta ctaccgggtg ccccactact gggacgectg ctctagagece 180
ctgcccgace agacccggta caaatacgtg gaacagetgg tggacctgac cctgaactac 240
cactacgacg ccagccacgg cctggacaac ttegacgtge tgaageggat caacgtgacce 300
gaggtgtcee tgctgatcag cgacttcegyg cggcagaaca gaagaggcegyg caccaacaag 360
cggactacct tcaacgecge tggcagectyg geccctcacg ccagatcect ggaattcage 420
gtgcggetgt tegccaacta tecgtacgac gtcccagact acgectga 468

<210> SEQ ID NO 58

<211> LENGTH: 155

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: IgE leader + ULl3la consensus + HA Tag amino
acid sequence

<400> SEQUENCE: 58

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val
1 5 10 15

His Ser Arg Leu Cys Arg Val Trp Leu Ser Val Cys Leu Cys Ala Val
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-continued

20 25 30

Val Leu Gly Gln Cys Gln Arg Glu Thr Ala Glu Lys Asn Asp Tyr Tyr
35 40 45

Arg Val Pro His Tyr Trp Asp Ala Cys Ser Arg Ala Leu Pro Asp Gln
50 55 60

Thr Arg Tyr Lys Tyr Val Glu Gln Leu Val Asp Leu Thr Leu Asn Tyr
65 70 75 80

His Tyr Asp Ala Ser His Gly Leu Asp Asn Phe Asp Val Leu Lys Arg

Ile Asn Val Thr Glu Val Ser Leu Leu Ile Ser Asp Phe Arg Arg Gln
100 105 110

Asn Arg Arg Gly Gly Thr Asn Lys Arg Thr Thr Phe Asn Ala Ala Gly
115 120 125

Ser Leu Ala Pro His Ala Arg Ser Leu Glu Phe Ser Val Arg Leu Phe
130 135 140

Ala Asn Tyr Pro Tyr Asp Val Pro Asp Tyr Ala
145 150 155

<210> SEQ ID NO 59

<211> LENGTH: 1764

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: IgE leader + UL83 consensus + HA Tag nucleic
acid sequence

<400> SEQUENCE: 59

atggattgga cctggatcct gtttetggtg geecgetgeaa caagggteca ctetgagagt 60
cgegggegga gatgecctga aatgatcage gtgetgggece caatttcegg gecatgtgetg 120
aaggcegtet tceteecegegg agacaccece gtgetgecte acgagacaag actgetgcag 180
actggcatce atgtgagggt ctecccageca tctetgatte tggtgtctca gtacacccca 240
gatagtacac cctgccacag aggggacaac cagctgcagg tgcagcatac ctacttcacc 300
ggatcagagg tcgaaaatgt gagcgtcaac gtgcacaatc ccacaggcag gagtatctgt 360
ccttcacagg agccaatgag catctacgtg tacgecctge cectgaaaat gcetgaacatce 420
cctagcatta atgtgcacca ttaccectee gecgetgaac gaaagcaccg gcatctgect 480
gtggcagatg ccgtcatcca tgcttcagge aaacagatgt ggcaggcacyg actgacegtg 540
agcggactgg catggacacg acagcagaac cagtggaagg agccagacgt gtactatact 600
agcgectteg tgttecccac caaagacgtg geectgegac acgtggtetyg cgcacatgag 660
ctggtgtget ctatggaaaa tactcgggece accaagatge aggtcattgg cgatcagtac 720
gtcaaagtgt atctggagtc cttttgtgaa gacgtgccct ctgggaaget gttcatgeac 780
gtgacccetgg gaagegatgt cgaggaagac ctgactatga cccggaaccce acageccttt 840
atgagaccte acgagaggaa cggcttcact gtgctgtgec caaagaatat gatcattaag 900
ccegggaaaa tctcetecatat tatgetggat gtggecttta caagtcacga gcatttegga 960

ctgctgtgcece ccaaaagcat ccctgggctg tcaattageg gaaacctgcet gatgaatggce 1020

cagcagatct ttctggaagt gcaggccatt cgagagaccg tcgaactgcg acagtacgac 1080

ccagtggcag ccctgttett tttecgatate gacctgetge tgcagagagg ccctcagtat 1140

agtgagcacc caacattcac ttcacagtac aggattcagg ggaagctgga gtatcggcac 1200

acttgggata gacatgacga aggagctgca cagggcgacg atgacgtgtg gacctcecegge 1260
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188

tctgatagtyg

ggagctatgg

acagcatgca

cctgaggaag

tggccacctt

cagggacaga

ttcgcagage

caggacgcac

tacgatgtge

<210>
<211>
<212>
<213>
<220>
<223>

PRT

sequence

<400> SEQUENCE:

Met Asp Trp Thr

1

His

Gly

Thr

65

Asp

Thr

Asn

Tyr

Arg

Lys

Asp

Met
225

Ser

Pro

Pro

50

Arg

Ser

Tyr

Pro

Val

130

His

Ala

Leu

Glu

Val

210

Glu

Lys

Phe

Glu

Ile

Val

Val

Thr

Phe

Thr

115

Tyr

His

Asp

Thr

Pro

195

Ala

Asn

Val

Met

Ser

20

Ser

Leu

Ser

Pro

Thr

100

Gly

Ala

Tyr

Ala

Val

180

Asp

Leu

Thr

Tyr

His
260

acgaggaact
caggagcatc
ctgcaggegt
atactgacga
ggcaggcagg
acctgaagta
tggaaggcgt
tgcctggace
ctgattatge
SEQ ID NO 60
LENGTH:
TYPE :
ORGANISM: Artificial Sequence

FEATURE:
OTHER INFORMATION:

587

Trp

Arg

Gly

Pro

Gln

Cys

85

Gly

Arg

Leu

Pro

Val

165

Ser

Val

Arg

Arg

Leu
245

Val

Ile

Gly

His

His

Pro

70

His

Ser

Ser

Pro

Ser

150

Ile

Gly

Tyr

His

Ala
230

Glu

Thr

ctga

ggtgaccaca

aaccagcgec

gatgacaagg

ggattctgac

aattctgget

ccaggagttt

gtggcagcca

atgtatcgec

gagcgaaaaa

ggacgaaaga

gggcgcctga

aacgaaatcc

cgcaatctygyg

ttctgggatg

gcagctcage

tccaccccaa

IgE leader

Leu

Arg

Val

Glu

55

Ser

Arg

Glu

Ile

Leu

135

Ala

His

Leu

Tyr

Val

215

Thr

Ser

Leu

Phe

Arg

Leu

40

Thr

Leu

Gly

Val

Cys

120

Lys

Ala

Ala

Ala

Thr

200

Val

Lys

Phe

Gly

Leu

Cys

25

Lys

Arg

Ile

Asp

Glu

105

Pro

Met

Glu

Ser

Trp

185

Ser

Cys

Met

Cys

Ser
265

ctcecegggt gaccggagga

gaaaaagcge cagcagcegece

aggcagaatc cacagtcgec

acaatccage cgtgttcace

tccctatggt ggccactgte

ctaatgacat ctatcggatt

caaaaaggcg ccgacacaga

agaaacatag gggctaccct

1320

1380

1440

1500

1560

1620

1680

1740

1764

+ UL83 consensus + HA Tag amino acid

Val

10

Pro

Ala

Leu

Leu

Asn

90

Asn

Ser

Leu

Arg

Gly

170

Thr

Ala

Ala

Gln

Glu
250

Asp

Ala

Glu

Val

Leu

Val

75

Gln

Val

Gln

Asn

Lys

155

Lys

Arg

Phe

His

Val
235

Asp

Val

Ala

Met

Phe

Gln

60

Ser

Leu

Ser

Glu

Ile

140

His

Gln

Gln

Val

Glu

220

Ile

Val

Glu

Ala

Ile

Ser

Thr

Gln

Gln

Val

Pro

125

Pro

Arg

Met

Gln

Phe

205

Leu

Gly

Pro

Glu

Thr Arg Val
15

Ser Val Leu
30

Arg Gly Asp

Gly Ile His

Tyr Thr Pro

80

Val Gln His
95

Asn Val His
110

Met Ser Ile

Ser Ile Asn

His Leu Pro
160

Trp Gln Ala
175

Asn Gln Trp
190

Pro Thr Lys

Val Cys Ser

Asp Gln Tyr

240

Ser Gly Lys
255

Asp Leu Thr
270



US 9,994,619 B2

189

-continued

190

Met

Phe

Ser

305

Leu

Leu

Thr

Asp

Thr

385

Thr

Trp

Lys

Ser

Ala

465

Pro

Ala

Leu

Glu

Glu

545

Gln

Arg

<210>
<211>
<212>
<213>
<220>
<223>

Thr

Thr

290

His

Leu

Met

Val

Ile

370

Phe

Trp

Thr

Thr

Ala

450

Gly

Glu

Val

Val

Phe

530

Gly

Asp

Gly

Arg

275

Val

Ile

Cys

Asn

Glu

355

Asp

Thr

Asp

Ser

Pro

435

Gly

Val

Glu

Phe

Pro

515

Phe

Val

Ala

Tyr

Asn

Leu

Met

Pro

Gly

340

Leu

Leu

Ser

Arg

Gly

420

Arg

Arg

Met

Asp

Thr

500

Met

Trp

Trp

Leu

Pro

580

PRT

<400> SEQUENCE:

18

Pro

Cys

Leu

Lys

325

Gln

Arg

Leu

Gln

His

405

Ser

Val

Lys

Thr

Thr

485

Trp

Val

Asp

Gln

Pro

565

Tyr

SEQ ID NO 61
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

61

Gln

Pro

Asp

310

Ser

Gln

Gln

Leu

Tyr

390

Asp

Asp

Thr

Arg

Arg

470

Asp

Pro

Ala

Ala

Pro

550

Gly

Pro Phe Met Arg Pro His Glu Arg Asn
280 285

Lys Asn Met Ile Ile Lys Pro Gly Lys
295 300

Val Ala Phe Thr Ser His Glu His Phe
315

Ile Pro Gly Leu Ser Ile Ser Gly Asn
330 335

Ile Phe Leu Glu Val Gln Ala Ile Arg
345 350

Tyr Asp Pro Val Ala Ala Leu Phe Phe
360 365

Gln Arg Gly Pro Gln Tyr Ser Glu His
375 380

Arg Ile Gln Gly Lys Leu Glu Tyr Arg
395

Glu Gly Ala Ala Gln Gly Asp Asp Asp
410 415

Ser Asp Glu Glu Leu Val Thr Thr Glu
425 430

Gly Gly Gly Ala Met Ala Gly Ala Ser
440 445

Lys Ser Ala Ser Ser Ala Thr Ala Cys
455 460

Gly Arg Leu Lys Ala Glu Ser Thr Val
475

Glu Asp Ser Asp Asn Glu Ile His Asn
490 495

Pro Trp Gln Ala Gly Ile Leu Ala Arg
505 510

Thr Val Gln Gly Gln Asn Leu Lys Tyr
520 525

Asn Asp Ile Tyr Arg Ile Phe Ala Glu
535 540

Ala Ala Gln Pro Lys Arg Arg Arg His
555

Pro Cys Ile Ala Ser Thr Pro Lys Lys
570 575

Val Pro Asp Tyr Ala
585

IgE leader amino acid sequence

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg

1

His

Ser

5

<210> SEQ ID NO 62
<211> LENGTH: 9

10 15

Gly

Ile

Gly

320

Leu

Glu

Phe

Pro

His

400

Val

Arg

Thr

Thr

Ala

480

Pro

Asn

Gln

Leu

Arg

560

His

Val
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<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: HA Tag amino acid sequence

<400> SEQUENCE: 62

Tyr Pro Tyr Asp Val Pro Asp Tyr Ala
1 5

<210> SEQ ID NO 63

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Furin protease cleavage site amino acid
sequence

<400> SEQUENCE: 63

Arg Gly Arg Lys Arg Arg Ser
1 5

<210> SEQ ID NO 64

<211> LENGTH: 1650

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid 2 insert - IgE leader + gM consensus +
HA Tag + Furin + gN consensus - HA Tag nucleic acid sequence

<400> SEQUENCE: 64

atggattgga cctggatcct gttectggtyg geegetgeta cecgggteca cagtgcacece 60
agccacgtgg acaaagtgaa cacccggact tggagegeca geatcgtgtt catggtgetg 120
accttegtga atgtgteegt ccacctggtg ctgagcaact teccccacct gggctacccce 180
tgcgtgtact accacgtggt ggacttecgag cggctgaaca tgagegecta caacgtgatg 240
catctgcaca cccccatget gtttetggac agegtgeage tegtgtgeta cgecgtgttt 300
atgcagctgg tgttectgge cgtgaccate tactaccteg tgtgetggat caagatttet 360
atgcggaagg acaagggcat gagcctgaac cagagcaccece gggacatcag ctacatggge 420
gacagcctga ccgecttect gttcatcctyg agcatggaca ccttecaget gttcacectg 480
accatgagct tceggetgece cagcatgate gectttatgg cegecgteca cttettetgt 540
ctgaccatct tcaacgtgte catggtcace cagtacagaa getacaageg gagectgtte 600
ttctteagte ggctgecacce caagctgaag ggcaccgtece agttceggac cctgategtg 660
aacctggtgg aagtggecct gggcettcaac accaccgtgg tggetatgge tcetgtgetac 720
ggctteggea acaacttett cgtgeggaca ggccacatgg tgetggeegt gttegtggtg 780
tacgccatta tcagcatcat ctactttetg ctgatcgagg cegtgttett ccagtacgtg 840
aaggtgcagt tcggctacca cctgggegee ttttteggee tgtgeggect gatctacccce 900
atcgtgcagt acgacacctt cctgagcaac gagtaccgga ceggcatcag ctggtectte 960

ggcatgctgt tcettcatctg ggccatgttce accacctgte gggccecgtgceg gtacttcaga 1020

ggcagaggca gcggctcecegt gaagtaccag gecctggeca cagccagegyg cgaagaagtg 1080

gecgecectga gecaccacga cagectggaa agcagacgge tgagagagga agaggacgac 1140

gacgacgatg aggacttcga ggacgcectac ccctacgacg tgcccgacta tgecegegge 1200

agaaagcgga gatctgagtg gaacaccctg gtgctgggte tgctggtget gtetgtggece 1260

gccagcagca acaacaccag cactgccage acccccagec ctagcagcag cacccacace 1320
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194

tccaccaccey
acctctteca
cceccacgece
ctgagcagcet
tgcatecgtge
tacccttacg
<210> SEQ I

<211> LENGT.
<212> TYPE:

tgaaggccac
ccaccagcac
acaacgactt
tegecgectyg
tgcggcactyg
atgtgectga
D NO 65

H: 549
PRT

caccaccgcce

aaagcccgge

ctacaaggcc

gtggaccatg

ctgcttecag

ttatgectga

accacaagca

agcaccactce

cactgcacca

ctgaacgecec

aacttcaccyg

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

ccacaacagc caccagcace
acgaccccaa cgtgatgagg
gccatatgta cgagcetgage
tgatcctgat gggegectte

ccacaaccac caagggctac

1380

1440

1500

1560

1620

1650

<223> OTHER INFORMATION: Plasmid 2 amino acid sequence - IgE leader + gM

consensus + HA Tag + Furin + gN consensus + HA Tag amino acid

seque

nce

<400> SEQUENCE: 65

Met Asp Trp
1

His Ser Ala
Ala Ser Ile
35

Leu Val Leu
50

His Val Val

His Leu His

Tyr Ala Val

Leu Val Cys
115

Leu Asn Gln
130

Ala Phe Leu
145

Thr Met Ser

His Phe Phe

Arg Ser Tyr
195

Leu Lys Gly
210

Val Ala Leu
225

Gly Phe Gly

Val Phe Val

Glu Ala Val

275

Gly Ala Phe

Thr Trp Ile Leu Phe

Pro Ser His Val Asp

20

Val Phe Met Val Leu

40

Ser Asn Phe Pro His

55

Asp Phe Glu Arg Leu

70

Thr Pro Met Leu Phe

85

Phe Met Gln Leu Val

100

Trp Ile Lys Ile Ser

120

Ser Thr Arg Asp Ile

135

Phe Ile Leu Ser Met
150

Phe Arg Leu Pro Ser

165

Cys Leu Thr Ile Phe

180

Lys Arg Ser Leu Phe

200

Thr Val Gln Phe Arg

215

Gly Phe Asn Thr Thr
230

Asn Asn Phe Phe Val

245

Val Tyr Ala Ile Ile

260

Phe Phe Gln Tyr Val

280

Phe Gly Leu Cys Gly

Leu

Lys

25

Thr

Leu

Asn

Leu

Phe

105

Met

Ser

Asp

Met

Asn

185

Phe

Thr

Val

Arg

Ser
265

Lys

Leu

Val

Val

Phe

Gly

Met

Asp

90

Leu

Arg

Tyr

Thr

Ile

170

Val

Phe

Leu

Val

Thr
250
Ile

Val

Ile

Ala

Asn

Val

Tyr

Ser

75

Ser

Ala

Lys

Met

Phe

155

Ala

Ser

Ser

Ile

Ala

235

Gly

Ile

Gln

Tyr

Ala Ala Thr Arg Val
Thr Arg Thr Trp Ser
30

Asn Val Ser Val His
45

Pro Cys Val Tyr Tyr
60

Ala Tyr Asn Val Met
80

Val Gln Leu Val Cys
95

Val Thr Ile Tyr Tyr
110

Asp Lys Gly Met Ser
125

Gly Asp Ser Leu Thr
140

Gln Leu Phe Thr Leu
160

Phe Met Ala Ala Val
175

Met Val Thr Gln Tyr
190

Arg Leu His Pro Lys
205

Val Asn Leu Val Glu
220

Met Ala Leu Cys Tyr
240

His Met Val Leu Ala
255

Tyr Phe Leu Leu Ile
270

Phe Gly Tyr His Leu
285

Pro Ile Val Gln Tyr
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290 295 300

Asp Thr Phe Leu Ser Asn Glu Tyr Arg Thr Gly Ile Ser Trp Ser Phe
305 310 315 320

Gly Met Leu Phe Phe Ile Trp Ala Met Phe Thr Thr Cys Arg Ala Val
325 330 335

Arg Tyr Phe Arg Gly Arg Gly Ser Gly Ser Val Lys Tyr Gln Ala Leu
340 345 350

Ala Thr Ala Ser Gly Glu Glu Val Ala Ala Leu Ser His His Asp Ser
355 360 365

Leu Glu Ser Arg Arg Leu Arg Glu Glu Glu Asp Asp Asp Asp Asp Glu
370 375 380

Asp Phe Glu Asp Ala Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Arg Gly
385 390 395 400

Arg Lys Arg Arg Ser Glu Trp Asn Thr Leu Val Leu Gly Leu Leu Val
405 410 415

Leu Ser Val Ala Ala Ser Ser Asn Asn Thr Ser Thr Ala Ser Thr Pro
420 425 430

Ser Pro Ser Ser Ser Thr His Thr Ser Thr Thr Val Lys Ala Thr Thr
435 440 445

Thr Ala Thr Thr Ser Thr Thr Thr Ala Thr Ser Thr Thr Ser Ser Thr
450 455 460

Thr Ser Thr Lys Pro Gly Ser Thr Thr His Asp Pro Asn Val Met Arg
465 470 475 480

Pro His Ala His Asn Asp Phe Tyr Lys Ala His Cys Thr Ser His Met
485 490 495

Tyr Glu Leu Ser Leu Ser Ser Phe Ala Ala Trp Trp Thr Met Leu Asn
500 505 510

Ala Leu Ile Leu Met Gly Ala Phe Cys Ile Val Leu Arg His Cys Cys
515 520 525

Phe Gln Asn Phe Thr Ala Thr Thr Thr Lys Gly Tyr Tyr Pro Tyr Asp
530 535 540

Val Pro Asp Tyr Ala
545

<210> SEQ ID NO 66

<211> LENGTH: 3189

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid 3 insert - IgE leader + gH consensus +
HA Tag + Furin + gL consensus +HA Tag nucleic acid sequence

<400> SEQUENCE: 66

atggactgga cctggatcct gttectggtg geegetgeta cecgggtgea cagtcegacece 60
ggcctgecca gctacctgac cgtgttegee gtgtacctge tgagecatcet geccagecag 120
agatacggeg ccgatgecge ctetgaggee ctggatecte acgectteca tetgetgetg 180
aacacctacg gcagacctat ceggttectyg cgegagaaca ccacccagtyg cacctacaac 240
agcagcctge ggaacagcac cgtegtgege gagaatgcta tcagcttcaa cttettecag 300
agctacaacc agtactacgt gttccacatg cceeggtgec tgttegeegg acctetggece 360
gagcagttce tgaaccaggt ggacctgacce gagacactgg aaagatacca gcageggetg 420
aatacctacg ccctggtgte caaggacctg gecagctace ggtecttcag ccagcagetg 480

aaggctcagg acagcctggg cgagcagect accaccgtge cecctecaat cgacctgage 540
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198

-continued
atcceccacyg tgtggatgcce cccccagacce acacctcacyg gctggaaaga gagccacace 600
accagcggee tgcacagacc ccacttcaac cagacctgea ttetgttega cggecacgac 660
ctgctgttea gcaccgtgac ccectgectyg caccaggget tctacctgat cgacgagetg 720
agatacgtga agatcaccct gaccgaggat ttettegtgg tcaccgtgte catcgacgac 780
gacacccceca tgcetgectgat ctteggecat ctgcecteggg tgctgttcaa ggecccctac 840
cagcgggaca acttcatcct gecggcagacce gagaagcacyg agcetgctggt getggtcaag 900
aaggaccagc tgaaccggca ctcctacctg aaggaccceeg acttectgga cgccgecctg 960
gacttcaact acctggacct gagcgccectg ctgagaaaca gcttccacag atacgcegtyg 1020
gacgtgctga agtccggccg gtgccagatg ctggacagac ggaccgtgga aatggcectte 1080
gcctatgece tggecctgtt tgccgeceget cggcaggaag aggctggegce tgaagtgtcece 1140
gtgcccagag ccctggacag acaggccgcet ctgctgcaga tcecaggaatt catgatcacce 1200
tgtctgagecce agaccccecece teggaccace ctgetgetgt accctaccge cgtggatctg 1260
gccaageggyg cectgtggac ccccaaccag atcaccgaca tcacaagect cgtgeggetg 1320
gtgtacatce tgagcaagca gaaccagcag cacctgatce ceccagtggge cctgagacag 1380
atcgccgact tecgcecctgaa gcectgcacaag acccacctgg ctagectttet gagegcectte 1440
gctaggcagg aactgtacct gatgggcagce ctggtgcact ccatgctggt gcacaccacce 1500
gagaggcggyg aaatcttcat cgtggaaacc ggectgtgca gectggecga getgagecac 1560
ttcacccage tgctggecca cccccaccac gagtacctga gegacctgta cacccectge 1620
agctctageg gcagacggga tcacagectg gaacggcetga cceeggetgtt cccegatgece 1680
acagtgcctg ccactgtgec agccgccctg tccatcetgt ccaccatgca geccagcacce 1740
ctggaaacct tccccgacct gttcectgectg ccecectgggeg agagcttcag cgccctgaca 1800
gtgtccgage acgtgtccta cgtggtcacce aaccagtacc tgatcaaggg catcagctac 1860
ccegtgteca ccaccgtegt gggccagage ctgatcatca cccagaccga cagccagace 1920
aagtgcgagce tgacccggaa catgcacacc acacacagca tcactgccege cctgaacate 1980
agcctggaaa actgcgcectt ctgccagtct gcectgetgg aatacgacga tacccagggce 2040
gtgatcaaca tcatgtacat gcacgacagc gacgacgtgc tgttcgccct ggacccctac 2100
aacgaggtgg tggtgtccag cccccggacce cactacctga tgctgctgaa gaacggcace 2160
gtgctggaag tgaccgacgt ggtggtggac gccaccgaca gcagactgct gatgatgage 2220
gtgtacgccece tgagcgccat catcggcatce tacctgctgt accggatgcet gaaaacctge 2280
taccectacg acgtgeccga ctacgeccge ggcagaaage ggagatcctyg caggeggecce 2340
gactgcggcet tcagcttcag ccctggecce gtgatcecctge tgtggtgetg cctgetgetyg 2400
ccecategtgt cctcetgcege cgtgtetgtg gccectacag ccgccgagaa ggtgcecagcece 2460
gagtgcccetg agctgaccag acggtgtetg ctgggcgagg tgttccaggg cgataagtac 2520
gagagctgge tgcggeccct ggtcaacgtg accggcagag atggcccect gagecagetg 2580
atccggtaca gacccgtgac ccctgaggce gccaacagceg tgctgctgga cgaagcecttt 2640
ctggacacac tggccctgcet gtacaacaac cecgaccage tgcgggcecct gctgacactg 2700
ctgagcageg ataccgecce cagatggatg accgtgatge ggggctacag cgagtgegge 2760
gacggatcte ccgecgtgta cacctgtgtg gacgacctgt gcecggggcta cgacctgacce 2820
agactgagct acggccggte catcttcaca gagcacgtge tgggcttcga getggtgecce 2880
cccagectgt tcaatgtggt ggtggecatce cggaacgagg ccacccggac caacagagca 2940
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-continued

200

gtgcggetge
tacaacgceg
ctggacaagt
geccacagcea
tatgcctga

<210> SEQ I

<211> LENGT.
<212> TYPE:

ctgtgtecac

tgaaagagtt

actacgcegyg

gatacggcce

D NO 67
H: 1062
PRT

cgetgetget

ctgectgaga

cctgectece

tcaggcegty

ccagagggca

caccagctygyg

gagctgaage

gacgccagat

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

tcaccectgtt ctacggectyg

acceccecect getgeggeac

agaccagagt gaacctgcce

acccttacga tgtgectgat

3000

3060

3120

3180

3189

<223> OTHER INFORMATION: Plasmid 3 amino acid sequence - IgE leader + gH

consensus + HA Tag + Furin + gL consensus + HA Tag amino acid

seque

nce

<400> SEQUENCE: 67

Met Asp Trp
1

His Ser Arg

Leu Leu Ser
35

Glu Ala Leu
50

Arg Pro Ile

Ser Ser Leu

Asn Phe Phe

Cys Leu Phe

115

Leu Thr Glu
130

Leu Val Ser
145

Lys Ala Gln

Ile Asp Leu

His Gly Trp

195

Phe Asn Gln
210

Thr Val Thr
225

Arg Tyr Val

Ser Ile Asp

Arg Val Leu
275

Gln Thr Glu
290

Thr Trp Ile Leu Phe

Pro Gly Leu Pro Ser

20

His Leu Pro Ser Gln

40

Asp Pro His Ala Phe

55

Arg Phe Leu Arg Glu

70

Arg Asn Ser Thr Val

85

Gln Ser Tyr Asn Gln

100

Ala Gly Pro Leu Ala

120

Thr Leu Glu Arg Tyr

135

Lys Asp Leu Ala Ser
150

Asp Ser Leu Gly Glu

165

Ser Ile Pro His Val

180

Lys Glu Ser His Thr

200

Thr Cys Ile Leu Phe

215

Pro Cys Leu His Gln
230

Lys Ile Thr Leu Thr

245

Asp Asp Thr Pro Met

260

Phe Lys Ala Pro Tyr

280

Lys His Glu Leu Leu

295

Leu

Tyr

25

Arg

His

Asn

Val

Tyr

105

Glu

Gln

Tyr

Gln

Trp

185

Thr

Asp

Gly

Glu

Leu
265

Gln

Val

Val

Leu

Tyr

Leu

Thr

Arg

90

Tyr

Gln

Gln

Arg

Pro

170

Met

Ser

Gly

Phe

Asp
250
Leu

Arg

Leu

Ala

Thr

Gly

Leu

Thr

75

Glu

Val

Phe

Arg

Ser

155

Thr

Pro

Gly

His

Tyr

235

Phe

Ile

Asp

Val

Ala Ala Thr Arg Val
Val Phe Ala Val Tyr
30

Ala Asp Ala Ala Ser
45

Leu Asn Thr Tyr Gly
60

Gln Cys Thr Tyr Asn
80

Asn Ala Ile Ser Phe
95

Phe His Met Pro Arg
110

Leu Asn Gln Val Asp
125

Leu Asn Thr Tyr Ala
140

Phe Ser Gln Gln Leu
160

Thr Val Pro Pro Pro
175

Pro Gln Thr Thr Pro
190

Leu His Arg Pro His
205

Asp Leu Leu Phe Ser
220

Leu Ile Asp Glu Leu
240

Phe Val Val Thr Val
255

Phe Gly His Leu Pro
270

Asn Phe Ile Leu Arg
285

Lys Lys Asp Gln Leu
300
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201

-continued

202

Asn

305

Asp

Arg

Arg

Ala

Leu

385

Cys

Ala

Asp

Gln

Ala

465

Ala

Arg
545
Thr

Gln

Gly

Thr
625

Lys

Ala

Leu

Asp

705

Arg

Phe

Tyr

Arg

Ala

370

Asp

Leu

Val

Ile

Gln

450

Leu

Arg

His

Ser

His

530

Arg

Val

Pro

Glu

Thr

610

Val

Cys

Leu

Glu

Ser
690

Ser

His

Asn

Ala

Thr

355

Arg

Arg

Ser

Asp

Thr

435

His

Lys

Gln

Thr

Leu

515

Glu

Asp

Pro

Ser

Ser

595

Asn

Val

Glu

Asn

Tyr
675

Asp

Ser

Ser

Tyr

Val

340

Val

Gln

Gln

Gln

Leu

420

Ser

Leu

Leu

Glu

Thr

500

Ala

Tyr

His

Ala

Thr

580

Phe

Gln

Gly

Leu

Ile
660
Asp

Asp

Pro

Tyr

Leu

325

Asp

Glu

Glu

Ala

Thr

405

Ala

Leu

Ile

His

Leu

485

Glu

Glu

Leu

Ser

Thr

565

Leu

Ser

Tyr

Gln

Thr

645

Ser

Asp

Val

Arg

Leu

310

Asp

Val

Met

Glu

Ala

390

Pro

Lys

Val

Pro

Lys

470

Tyr

Arg

Leu

Ser

Leu

550

Val

Glu

Ala

Leu

Ser

630

Arg

Leu

Thr

Leu

Thr
710

Lys Asp Pro Asp Phe Leu Asp Ala Ala
315

Leu Ser Ala Leu Leu Arg Asn Ser Phe
330 335

Leu Lys Ser Gly Arg Cys Gln Met Leu
345 350

Ala Phe Ala Tyr Ala Leu Ala Leu Phe
360 365

Ala Gly Ala Glu Val Ser Val Pro Arg
375 380

Leu Leu Gln Ile Gln Glu Phe Met Ile
395

Pro Arg Thr Thr Leu Leu Leu Tyr Pro
410 415

Arg Ala Leu Trp Thr Pro Asn Gln Ile
425 430

Arg Leu Val Tyr Ile Leu Ser Lys Gln
440 445

Gln Trp Ala Leu Arg Gln Ile Ala Asp
455 460

Thr His Leu Ala Ser Phe Leu Ser Ala
475

Leu Met Gly Ser Leu Val His Ser Met
490 495

Arg Glu Ile Phe Ile Val Glu Thr Gly
505 510

Ser His Phe Thr Gln Leu Leu Ala His
520 525

Asp Leu Tyr Thr Pro Cys Ser Ser Ser
535 540

Glu Arg Leu Thr Arg Leu Phe Pro Asp
555

Pro Ala Ala Leu Ser Ile Leu Ser Thr
570 575

Thr Phe Pro Asp Leu Phe Cys Leu Pro
585 590

Leu Thr Val Ser Glu His Val Ser Tyr
600 605

Ile Lys Gly Ile Ser Tyr Pro Val Ser
615 620

Leu Ile Ile Thr Gln Thr Asp Ser Gln
635

Asn Met His Thr Thr His Ser Ile Thr
650 655

Glu Asn Cys Ala Phe Cys Gln Ser Ala
665 670

Gln Gly Val Ile Asn Ile Met Tyr Met
680 685

Phe Ala Leu Asp Pro Tyr Asn Glu Val
695 700

His Tyr Leu Met Leu Leu Lys Asn Gly
715

Leu

320

His

Asp

Ala

Ala

Thr

400

Thr

Thr

Asn

Phe

Phe

480

Leu

Leu

Pro

Gly

Ala

560

Met

Leu

Val

Thr

Thr

640

Ala

Leu

His

Val

Thr
720
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204

Leu

Leu

Ala

Ser

785

Pro

Lys

Glu

Asn

Pro

865

Leu

Leu

Met

Cys

Gly

945

Pro

Thr

Gly

Leu

Tyr

Leu

Tyr

<210>
<211>
<212>
<213>
<220>
<223>

Leu

Met

Tyr

Arg

770

Phe

Ile

Val

Val

Val

850

Val

Asp

Leu

Arg

Val

930

Arg

Ser

Asn

Ile

Glu

Met

Arg

755

Gly

Ser

Val

Pro

Phe

835

Thr

Thr

Thr

Thr

Gly

915

Asp

Ser

Leu

Arg

Thr
995

Val

Ser

740

Met

Arg

Pro

Ser

Ala

820

Gln

Gly

Pro

Leu

Leu

900

Tyr

Asp

Ile

Phe

Ala

980

Leu

Thr

725

Val

Leu

Lys

Gly

Ser

805

Glu

Gly

Arg

Glu

Ala

885

Leu

Ser

Leu

Phe

Asn

965

Val

Phe

Asp

Tyr

Lys

Arg

Pro

790

Ala

Cys

Asp

Asp

Ala

870

Leu

Ser

Glu

Cys

Thr

950

Val

Arg

Tyr

Val

Ala

Thr

Arg

775

Val

Ala

Pro

Lys

Gly

855

Ala

Leu

Ser

Cys

Arg

935

Glu

Val

Leu

Gly

Val

Leu

Cys

760

Ser

Ile

Val

Glu

Tyr

840

Pro

Asn

Tyr

Asp

Gly

920

Gly

His

Val

Pro

Leu
1000

Val

Ser

745

Tyr

Cys

Leu

Ser

Leu

825

Glu

Leu

Ser

Asn

Thr

905

Asp

Tyr

Val

Ala

Val
985

Tyr Asn Ala Val Lys

Asp

730

Ala

Pro

Arg

Leu

Val

810

Thr

Ser

Ser

Val

Asn

890

Ala

Gly

Asp

Leu

Ile

970

Ser

Ala

Ile

Tyr

Arg

Trp

795

Ala

Arg

Trp

Gln

Leu

875

Pro

Pro

Ser

Leu

Gly

955

Arg

Thr

Thr

Ile

Asp

Pro

780

Cys

Pro

Arg

Leu

Leu

860

Leu

Asp

Arg

Pro

Thr

940

Phe

Asn

Ala

Asp

Gly

Val

765

Asp

Cys

Thr

Cys

Arg

845

Ile

Asp

Gln

Trp

Ala

925

Arg

Glu

Glu

Ala

10

Ser

Ile

750

Pro

Cys

Leu

Ala

Leu

830

Pro

Arg

Glu

Leu

Met

910

Val

Leu

Leu

Ala

Ala
990

05

Arg

735

Tyr

Asp

Gly

Leu

Ala

815

Leu

Leu

Tyr

Ala

Arg

895

Thr

Tyr

Ser

Val

Thr

975

Pro

Arg His
1010
Tyr Ala
1025
Pro Ala
1040

Pro
1055

Tyr

SEQ ID
LENGTH
TYPE :

FEATUR

Gln Leu Asp

Gly Leu Pro

His Ser Arg

Asp Val Pro

NO 68
: 1713
DNA

E:

Pro Pro Leu

1015
Pro Glu Leu
1030

Tyr
1045

Gly Pro

Asp Tyr Ala
1060

ORGANISM: Artificial Sequence

Leu Arg His

Lys Gln Thr

Gln Ala Val

OTHER INFORMATION: Plasmid 5 insert -
consensus + HA Tag + Furin + UL130 consensus + HA Tag + Furin +

1020

1035

1050

UL128 consensus + HA Tag nucleic acid sequence

<400> SEQUENCE: 68

atggactgga cctggatcct gttectggte geegetgeta cecgggtgca cagcagactg

Leu

Leu

Tyr

Phe

Leu

800

Glu

Gly

Val

Arg

Phe

880

Ala

Val

Thr

Tyr

Pro

960

Arg

Glu

Glu Phe Cys

Leu Asp Lys

Arg Val Asn

Asp Ala Arg

IgE leader + ULl3la
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206

-continued
tgcagagtgt ggctgagegt gtgcctgtge geecgtggtge tgggccagtyg ccagagagag 120
acagccgaga agaacgacta ctaccgggtg ceccactact gggacgcectyg ctctagagece 180
ctgcecgace agacccggta caaatacgtg gaacagetgg tggacctgac cctgaactac 240
cactacgacg ccagccacgg cctggacaac ttecgacgtge tgaagcggat caacgtgace 300
gaggtgtcee tgctgatcag cgacttcegg cggcagaaca gaagaggcgg caccaacaag 360
cggactacct tcaacgccge tggcagectg geccctcacyg ccagatccect ggaattcage 420
gtgcggetgt tegecaacta tccgtacgac gtcccagact acgccagagg ccggaagegyg 480
agatctctge ggcetgetget geggcaccac ttecactgece tgetgetgtyg tgcegtgtgg 540
geecaccectt gtetggcecag ccecttggage accctgaccyg ccaaccagaa ccectageccce 600
cectggteca agetgaccta cagcaagecce cacgacgecg ctacctteta ctgeccatte 660
ctgtacccca gcccteccag aagcccectyg cagttcageg gettecageg ggtgtcecace 720
ggeectgagt gecggaacga gacactgtac ctgctgtaca accgcgaggg ccagaccctg 780
gtggaacggt ctagcacctg ggtcaagaaa gtgatctggt atctgagegg ccggaaccag 840
accatcctge agcggatgcce tcggaccgece agcaagcecta gcegacggcaa cgtgcagate 900
agcgtggaag atgccaaaat cttceggegece cacatggtge ccaagcagac caagcetgcetg 960
agattcgtgg tcaacgacgg caccagatac cagatgtgcg tgatgaagct ggaaagctgg 1020
gcccacgtgt tecgggacta cagegtgtca ttccaggtec gactgacctt caccgaggec 1080
aacaaccaga cctacacctt ctgcacccac cccaacctga tecgtctacce ttacgacgtg 1140
ccagattatg ccaggggcag aaaaaggagg agcagcccca aggatctgac ccctttectg 1200
accgeectgt ggctgetect gggccacage agagtgcecta gagtgceggge cgaggaatge 1260
tgcgagttca tcaacgtgaa ccacccccce gageggtget acgacttcaa gatgtgcaac 1320
cggttcaceg tggetectgag atgcceccgac ggcgaagtgt gcetacagecce cgagaaaacce 1380
geegagatece ggggcatcgt gaccaccatg acccacagec tgaccagaca ggtggtgeat 1440
aacaagctga ccagttgcaa ctacaaccce ctgtacctgg aagccgacgyg ccggatcaga 1500
tgcggcaaag tgaacgacaa ggcccagtac ctgetgggeyg ctgcaggcag tgtgecctac 1560
agatggatca acctggaata cgacaagatc acccggatcg tgggcctgga ccagtacctg 1620
gaaagcgtga agaagcacaa gcggctggac gtgtgecggg ccaagatggg ctacatgetg 1680
cagtacccat atgacgtccc cgattacgct tga 1713

<210> SEQ ID NO 69
<211> LENGTH: 570
<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid 5 amino aciud sequence - IgE leader +

UL131la consensus + HA Tag + Furin + UL130 consensus + HA Tag +

Furin + UL128 consensus + HA Tag

<400> SEQUENCE: 69

Met Asp Trp Thr Trp Ile Leu Phe

1 5

His Ser Arg Leu Cys Arg Val Trp

20

Val Leu Gly Gln Cys Gln Arg Glu

35

40

Arg Val Pro His Tyr Trp Asp Ala

Leu

Leu

25

Thr

Cys

Val Ala Ala
10
Ser Val Cys

Ala Glu Lys

Ser Arg Ala

Ala

Leu

Asn

45

Leu

Thr

Cys

30

Asp

Pro

Arg Val
15
Ala Val

Tyr Tyr

Asp Gln
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207

-continued

208

Thr

65

Ile

Asn

Ser

Ala

145

Arg

Cys

Thr

Lys

Pro

225

Gly

Gly

Trp

Thr

Ala

305

Arg

Leu

Thr

Arg

385

Thr

Ala

Cys

Pro

Gly
465

50

Arg

Tyr

Asn

Arg

Leu

130

Asn

Ser

Ala

Ala

Pro

210

Pro

Pro

Gln

Tyr

Ala

290

Lys

Phe

Glu

Arg

His

370

Gly

Ala

Glu

Tyr

Asp

450

Ile

Tyr

Asp

Val

Arg

115

Ala

Tyr

Leu

Val

Asn

195

His

Arg

Glu

Thr

Leu

275

Ser

Ile

Val

Ser

Leu

355

Pro

Arg

Leu

Glu

Asp
435

Gly

Val

Lys

Ala

Thr

100

Gly

Pro

Pro

Arg

Trp

180

Gln

Asp

Ser

Cys

Leu

260

Ser

Lys

Phe

Val

Trp

340

Thr

Asn

Lys

Trp

Cys

420

Phe

Glu

Thr

Tyr

Ser

85

Glu

Gly

His

Tyr

Leu

165

Ala

Asn

Ala

Pro

Arg

245

Val

Gly

Pro

Gly

Asn

325

Ala

Phe

Leu

Arg

Leu

405

Cys

Lys

Val

Thr

Val

70

His

Val

Thr

Ala

Asp

150

Leu

Thr

Pro

Ala

Leu

230

Asn

Glu

Arg

Ser

Ala

310

Asp

His

Thr

Ile

Arg

390

Leu

Glu

Met

Cys

Met
470

55 60

Glu Gln Leu Val Asp Leu Thr Leu Asn
75

Gly Leu Asp Asn Phe Asp Val Leu Lys
90 95

Ser Leu Leu Ile Ser Asp Phe Arg Arg
105 110

Asn Lys Arg Thr Thr Phe Asn Ala Ala
120 125

Arg Ser Leu Glu Phe Ser Val Arg Leu
135 140

Val Pro Asp Tyr Ala Arg Gly Arg Lys
155

Leu Arg His His Phe His Cys Leu Leu
170 175

Pro Cys Leu Ala Ser Pro Trp Ser Thr
185 190

Ser Pro Pro Trp Ser Lys Leu Thr Tyr
200 205

Thr Phe Tyr Cys Pro Phe Leu Tyr Pro
215 220

Gln Phe Ser Gly Phe Gln Arg Val Ser
235

Glu Thr Leu Tyr Leu Leu Tyr Asn Arg
250 255

Arg Ser Ser Thr Trp Val Lys Lys Val
265 270

Asn Gln Thr Ile Leu Gln Arg Met Pro
280 285

Asp Gly Asn Val Gln Ile Ser Val Glu
295 300

His Met Val Pro Lys Gln Thr Lys Leu
315

Gly Thr Arg Tyr Gln Met Cys Val Met
330 335

Val Phe Arg Asp Tyr Ser Val Ser Phe
345 350

Glu Ala Asn Asn Gln Thr Tyr Thr Phe
360 365

Val Tyr Pro Tyr Asp Val Pro Asp Tyr
375 380

Ser Ser Pro Lys Asp Leu Thr Pro Phe
395

Leu Gly His Ser Arg Val Pro Arg Val
410 415

Phe Ile Asn Val Asn His Pro Pro Glu
425 430

Cys Asn Arg Phe Thr Val Ala Leu Arg
440 445

Tyr Ser Pro Glu Lys Thr Ala Glu Ile
455 460

Thr His Ser Leu Thr Arg Gln Val Val
475

Tyr

80

Arg

Gln

Gly

Phe

Arg

160

Leu

Leu

Ser

Ser

Thr

240

Glu

Ile

Arg

Asp

Leu

320

Lys

Gln

Cys

Ala

Leu

400

Arg

Arg

Cys

Arg

His
480
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-continued

210

Asn Lys Leu

Gly Arg Ile

Gly Ala Ala

515

Lys Ile Thr
530

Lys His Lys
545

Gln Tyr Pro

<210> SEQ I
<211> LENGT.
<212> TYPE:

Thr Ser Cys Asn Tyr

485

Arg Cys Gly Lys Val

500

Gly Ser Val Pro Tyr

520

Arg Ile Val Gly Leu

535

Arg Leu Asp Val Cys
550

Tyr Asp Val Pro Asp

565
D NO 70
H: 1596

DNA

Asn

Asn

505

Arg

Asp

Arg

Tyr

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Pro

490

Asp

Trp

Gln

Ala

Ala
570

Leu

Lys

Ile

Tyr

Lys
555

Tyr Leu Glu
Ala Gln Tyr
510

Asn Leu Glu
525

Leu Glu Ser
540

Met Gly Tyr

Ala Asp

495

Leu Leu

Tyr Asp

Val Lys

Met Leu
560

<223> OTHER INFORMATION: Plasmid 2 insert version 2 - IgE leader + gM
consensus + Furin + gN consensus nucleic acid sequence

<400> SEQUENCE: 70

atggattgga

agccacgtygg

accttegtga

tgcgtgtact

catctgcaca

atgcagctgg

atgcggaagg

gacagcctga

accatgagct

ctgaccatct

ttetteagte

aacctggtygyg

ggctteggea

tacgccatta

aaggtgcagt

atcgtgcagt

ggcatgctgt

ggcagaggca

gecgeectga

gacgacgatg

ctggtgctgg

agcaccccca

gccaccacaa

ggcagcacca

geccactgea

cctggatect

acaaagtgaa

atgtgtcegt

accacgtggt

cccecatget

tgttcectgge

acaagggcat

cegecttect

tceggetgec

tcaacgtgte

ggctgcacce

aagtggcect

acaacttctt

tcagcatcat

tcggctacca

acgacacctt

tctteatety

geggeteegt

gccaccacga

aggacttcga

gtctgetggt

gecectageag

gcaccacaac

ctcacgacce

ccagccatat

gttectggty

cacccggact

ccacctggty

ggacttcgag

gtttctggac

cgtgaccatce

gagcctgaac

gttcatccty

cagcatgatc

catggtcacc

caagctgaag

gggcttcaac

cgtgcggaca

ctactttctg

cectgggegec

cctgagcaac

ggccatgtte

gaagtaccag

cagcctggaa

ggacgecccge

getgtetgty

cagcacccac

agccaccage

caacgtgatg

gtacgagctyg

geegetgeta

tggagcgeca

ctgagcaact

cggctgaaca

agcgtgcage

tactaccteg

cagagcaccc

agcatggaca

gectttatgg

cagtacagaa

ggcaccgtee

accaccgtygg

ggccacatgg

ctgatcgagg

ttttteggee

gagtaccgga

accacctgte

geectggeca

agcagacggc

ggcagaaagce

gecegecagea

acctccacca

accacctcett

aggccccacyg

agcctgagea

ccegggteca

gecatcgtgtt

tcceccacct

tgagcgecta

tcgtgtgeta

tgtgctggat

gggacatcag

ccttecaget

cecgecgteca

gctacaageg

agttcecggac

tggctatgge

tgctggecegt

cegtgttett

tgtgcggect

ccggcatcag

gggcegtgeg

cagccagegyg

tgagagagga

ggagatctga

gcaacaacac

ccgtgaagge

ccaccaccag

cccacaacga

gettegeege

cagtgcacce

catggtgetyg

gggctaccce

caacgtgatg

cgcegtgttt

caagatttct

ctacatggge

gttcaccetyg

cttettetgt

gagcctgtte

cctgategty

tctgtgctac

gttcgtggtyg

ccagtacgtyg

gatctaccce

ctggtectte

gtacttcaga

cgaagaagtyg

agaggacgac

gtggaacacc

cagcactgee

caccaccacc

cacaaagccc

cttctacaag

ctggtggace

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
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212

atgctgaacyg ccctgatect gatgggegee ttetgeateg tgetgeggea ctgetgette

cagaacttca ccgccacaac caccaaggge tactga

<210>
<211>
<212>
<213>
<220>
<223>

PRT

SEQ ID NO 71
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Plasmid 2 amino acid sequence version 2 - IgE

531

1560

1596

leader + gM consensus + Furin + gN consensus amino acid sequence

<400> SEQUENCE:

Met Asp Trp Thr

1

His

Ala

Leu

His

65

Tyr

Leu

Leu

Ala

145

Thr

Arg

Leu

225

Gly

Glu

Gly

Asp

305

Gly

Ser

Ser

Val

50

Val

Leu

Ala

Val

Asn

130

Phe

Met

Phe

Ser

Lys

210

Ala

Phe

Phe

Ala

Ala
290

Thr

Met

Ala

Ile

35

Leu

Val

His

Val

Cys

115

Gln

Leu

Ser

Phe

Tyr

195

Gly

Leu

Gly

Val

Val
275
Phe

Phe

Leu

Pro

20

Val

Ser

Asp

Thr

Phe

100

Trp

Ser

Phe

Phe

Cys

180

Lys

Thr

Gly

Asn

Val

260

Phe

Phe

Leu

Phe

71

Trp

Ser

Phe

Asn

Phe

Pro

85

Met

Ile

Thr

Ile

Arg

165

Leu

Arg

Val

Phe

Asn

245

Tyr

Phe

Gly

Ser

Phe
325

Ile

His

Met

Phe

Glu

70

Met

Gln

Lys

Arg

Leu

150

Leu

Thr

Ser

Gln

Asn

230

Phe

Ala

Gln

Leu

Asn

310

Ile

Leu

Val

Val

Pro

55

Arg

Leu

Leu

Ile

Asp

135

Ser

Pro

Ile

Leu

Phe

215

Thr

Phe

Ile

Tyr

Cys

295

Glu

Trp

Phe

Asp

Leu

40

His

Leu

Phe

Val

Ser

120

Ile

Met

Ser

Phe

Phe

200

Arg

Thr

Val

Ile

Val
280
Gly

Tyr

Ala

Leu

Lys

25

Thr

Leu

Asn

Leu

Phe

105

Met

Ser

Asp

Met

Asn

185

Phe

Thr

Val

Arg

Ser

265

Lys

Leu

Arg

Met

Val

10

Val

Phe

Gly

Met

Asp

90

Leu

Arg

Tyr

Thr

Ile

170

Val

Phe

Leu

Val

Thr

250

Ile

Val

Ile

Thr

Phe
330

Ala

Asn

Val

Tyr

Ser

75

Ser

Ala

Lys

Met

Phe

155

Ala

Ser

Ser

Ile

Ala

235

Gly

Ile

Gln

Tyr

Gly

315

Thr

Ala

Thr

Asn

Pro

60

Ala

Val

Val

Asp

Gly

140

Gln

Phe

Met

Arg

Val

220

Met

His

Tyr

Phe

Pro
300

Ile

Thr

Ala

Arg

Val

45

Cys

Tyr

Gln

Thr

Lys

125

Asp

Leu

Met

Val

Leu

205

Asn

Ala

Met

Phe

Gly

285

Ile

Ser

Cys

Thr

Thr

30

Ser

Val

Asn

Leu

Ile

110

Gly

Ser

Phe

Ala

Thr

190

His

Leu

Leu

Val

Leu

270

Tyr

Val

Trp

Arg

Arg

15

Trp

Val

Tyr

Val

Val

95

Tyr

Met

Leu

Thr

Ala

175

Gln

Pro

Val

Cys

Leu

255

Leu

His

Gln

Ser

Ala
335

Val

Ser

His

Tyr

Met

80

Cys

Tyr

Ser

Thr

Leu

160

Val

Tyr

Lys

Glu

Tyr

240

Ala

Ile

Leu

Tyr

Phe

320

Val
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-continued

214

Arg Tyr Phe
Ala Thr Ala
355

Leu Glu Ser
370

Asp Phe Glu
385

Leu Val Leu

Thr Ser Thr

Thr Thr Val

435

Thr Ser Thr
450

His Asp Pro
465

Ala His Cys

Ala Trp Trp

Ile Val Leu
515

Lys Gly Tyr
530

<210> SEQ I
<211> LENGT.
<212> TYPE:

Arg Gly Arg Gly Ser

340

Ser Gly Glu Glu Val

360

Arg Arg Leu Arg Glu

375

Asp Ala Arg Gly Arg
390

Gly Leu Leu Val Leu

405

Ala Ser Thr Pro Ser

420

Lys Ala Thr Thr Thr

440

Thr Ser Ser Thr Thr

455

Asn Val Met Arg Pro
470

Thr Ser His Met Tyr

485

Thr Met Leu Asn Ala

500

Arg His Cys Cys Phe

D NO 72
H: 3135
DNA

520

Gly Ser Val
345

Ala Ala Leu

Glu Glu Asp

Lys Arg Arg

395

Ser Val Ala
410

Pro Ser Ser
425

Ala Thr Thr

Ser Thr Lys

His Ala His

475

Glu Leu Ser
490

Leu Ile Leu
505

Gln Asn Phe

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Plasmid 3 insert version 2 - IgE leader + gH

RE:

Lys Tyr Gln
350

Ser His His
365

Asp Asp Asp
380

Ser Glu Trp

Ala Ser Ser

Ser Thr His

430

Ser Thr Thr
445

Pro Gly Ser
460

Asn Asp Phe

Leu Ser Ser

Met Gly Ala
510

Thr Ala Thr
525

Ala Leu

Asp Ser

Asp Glu

Asn Thr
400

Asn Asn
415

Thr Ser

Thr Ala

Thr Thr

Tyr Lys

480

Phe Ala
495

Phe Cys

Thr Thr

consensus + Furin + gL consensus nucleic acid sequence

<400> SEQUENCE: 72

atggactgga

ggcctgecca

agatacggceg

aacacctacg

agcagectge

agctacaacc

gagcagttce

aatacctacg

aaggctcagg

atcccccacy

accageggec

ctgetgttea

agatacgtga

gacaccccca

cagcgggaca

cctggatect

gctacctgac

ccgatgeege

gcagacctat

ggaacagcac

agtactacgt

tgaaccaggt

cecctggtgte

acagcctggyg

tgtggatgee

tgcacagacc

gcaccgtgac

agatcaccct

tgctgetgat

acttcatcct

gttectggty

cgtgttegee

ctctgaggec

ceggttectyg

cgtegtgege

gttccacatyg

ggacctgace

caaggacctyg

cgagcagect

cccecceccagacce

ccacttcaac

ccectgecty

gaccgaggat

ctteggecat

geggcagace

geegetgeta
gtgtacctge
ctggatccte
cgcgagaaca
gagaatgcta
cceceggtgec

gagacactgg

gccagetace

accaccgtge

acacctcacyg

cagacctgea

caccagggcet

ttettegtgy

ctgecteggy

gagaagcacg

ccegggtgea

tgagccatct

acgcctteca

ccacccagty

tcagcttcaa

tgttcgecegy

aaagatacca

ggtccttcag

ccectecaat

getggaaaga

ttetgttega

tctacctgat

tcaccgtgte

tgctgttcaa

agctgetggt

cagtcgacce

geccagecag

tctgetgety

cacctacaac

cttettecag

acctetggee

gcageggetg

ccagcagetyg

cgacctgage

gagccacace

cggccacgac

cgacgagetyg

catcgacgac

ggcccectac

getggtcaag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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216

-continued
aaggaccagc tgaaccggca ctcctacctg aaggaccceeg acttectgga cgccgecctg 960
gacttcaact acctggacct gagcgccectg ctgagaaaca gcttccacag atacgcegtyg 1020
gacgtgctga agtccggccg gtgccagatg ctggacagac ggaccgtgga aatggcectte 1080
gcctatgece tggecctgtt tgccgeceget cggcaggaag aggctggegce tgaagtgtcece 1140
gtgcccagag ccctggacag acaggccgcet ctgctgcaga tcecaggaatt catgatcacce 1200
tgtctgagecce agaccccecece teggaccace ctgetgetgt accctaccge cgtggatctg 1260
gccaageggyg cectgtggac ccccaaccag atcaccgaca tcacaagect cgtgeggetg 1320
gtgtacatce tgagcaagca gaaccagcag cacctgatce ceccagtggge cctgagacag 1380
atcgccgact tecgcecctgaa gcectgcacaag acccacctgg ctagectttet gagegcectte 1440
gctaggcagg aactgtacct gatgggcagce ctggtgcact ccatgctggt gcacaccacce 1500
gagaggcggyg aaatcttcat cgtggaaacc ggectgtgca gectggecga getgagecac 1560
ttcacccage tgctggecca cccccaccac gagtacctga gegacctgta cacccectge 1620
agctctageg gcagacggga tcacagectg gaacggcetga cceeggetgtt cccegatgece 1680
acagtgcctg ccactgtgec agccgccctg tccatcetgt ccaccatgca geccagcacce 1740
ctggaaacct tccccgacct gttcectgectg ccecectgggeg agagcttcag cgccctgaca 1800
gtgtccgage acgtgtccta cgtggtcacce aaccagtacc tgatcaaggg catcagctac 1860
ccegtgteca ccaccgtegt gggccagage ctgatcatca cccagaccga cagccagace 1920
aagtgcgagce tgacccggaa catgcacacc acacacagca tcactgccege cctgaacate 1980
agcctggaaa actgcgcectt ctgccagtct gcectgetgg aatacgacga tacccagggce 2040
gtgatcaaca tcatgtacat gcacgacagc gacgacgtgc tgttcgccct ggacccctac 2100
aacgaggtgg tggtgtccag cccccggacce cactacctga tgctgctgaa gaacggcace 2160
gtgctggaag tgaccgacgt ggtggtggac gccaccgaca gcagactgct gatgatgage 2220
gtgtacgccece tgagcgccat catcggcatce tacctgctgt accggatgcet gaaaacctge 2280
cgeggcagaa agcggagatce ctgcaggegg cecgactgeg gettcagett cagecctgge 2340
ccegtgatee tgctgtggtyg ctgectgetg ctgcccateg tgtcectcectge cgeccgtgtet 2400
gtggccecta cagecgccga gaaggtgcca gecgagtgee ctgagetgac cagacggtgt 2460
ctgctgggceg aggtgttceca gggcgataag tacgagagct ggctgcggece cctggtcaac 2520
gtgaccggca gagatggcce cctgagecag ctgatcecggt acagaccegt gacccectgag 2580
gccgecaaca gegtgetgcet ggacgaagec tttcectggaca cactggccecct gctgtacaac 2640
aaccccgace agcetgeggge cctgctgaca ctgetgagea gegataccege ccccagatgg 2700
atgaccgtga tgcggggcta cagcgagtgce ggcgacggat ctcccgeccgt gtacacctgt 2760
gtggacgacc tgtgccgggg ctacgacctg accagactga gctacggcecg gtcecatcette 2820
acagagcacg tgctgggcett cgagctggtg ccccccagece tgttcaatgt ggtggtggece 2880
atccggaacg aggccacccg gaccaacaga gecagtgcegge tgectgtgte caccgetget 2940
gcteccagagg gcatcaccct gttcectacgge ctgtacaacg ccgtgaaaga gttcectgectg 3000
agacaccagc tggacccccce cctgetgegg cacctggaca agtactacge cggectgect 3060
ccegagetga agcagaccag agtgaacctg cecgeccaca gcagatacgyg ccctcaggece 3120
gtggacgcca gatga 3135

<210> SEQ ID NO 73
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217 218

-continued

<211> LENGTH: 1044

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid 3 amino acid sequence version 2 - IgE
leader + gH consensus + Furin + gL consensus nucleic acid sequence

<400> SEQUENCE: 73

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val
1 5 10 15

His Ser Arg Pro Gly Leu Pro Ser Tyr Leu Thr Val Phe Ala Val Tyr
20 25 30

Leu Leu Ser His Leu Pro Ser Gln Arg Tyr Gly Ala Asp Ala Ala Ser
35 40 45

Glu Ala Leu Asp Pro His Ala Phe His Leu Leu Leu Asn Thr Tyr Gly
50 55 60

Arg Pro Ile Arg Phe Leu Arg Glu Asn Thr Thr Gln Cys Thr Tyr Asn
65 70 75 80

Ser Ser Leu Arg Asn Ser Thr Val Val Arg Glu Asn Ala Ile Ser Phe
85 90 95

Asn Phe Phe Gln Ser Tyr Asn Gln Tyr Tyr Val Phe His Met Pro Arg
100 105 110

Cys Leu Phe Ala Gly Pro Leu Ala Glu Gln Phe Leu Asn Gln Val Asp
115 120 125

Leu Thr Glu Thr Leu Glu Arg Tyr Gln Gln Arg Leu Asn Thr Tyr Ala
130 135 140

Leu Val Ser Lys Asp Leu Ala Ser Tyr Arg Ser Phe Ser Gln Gln Leu
145 150 155 160

Lys Ala Gln Asp Ser Leu Gly Glu Gln Pro Thr Thr Val Pro Pro Pro
165 170 175

Ile Asp Leu Ser Ile Pro His Val Trp Met Pro Pro Gln Thr Thr Pro
180 185 190

His Gly Trp Lys Glu Ser His Thr Thr Ser Gly Leu His Arg Pro His
195 200 205

Phe Asn Gln Thr Cys Ile Leu Phe Asp Gly His Asp Leu Leu Phe Ser
210 215 220

Thr Val Thr Pro Cys Leu His Gln Gly Phe Tyr Leu Ile Asp Glu Leu
225 230 235 240

Arg Tyr Val Lys Ile Thr Leu Thr Glu Asp Phe Phe Val Val Thr Val
245 250 255

Ser Ile Asp Asp Asp Thr Pro Met Leu Leu Ile Phe Gly His Leu Pro
260 265 270

Arg Val Leu Phe Lys Ala Pro Tyr Gln Arg Asp Asn Phe Ile Leu Arg
275 280 285

Gln Thr Glu Lys His Glu Leu Leu Val Leu Val Lys Lys Asp Gln Leu
290 295 300

Asn Arg His Ser Tyr Leu Lys Asp Pro Asp Phe Leu Asp Ala Ala Leu
305 310 315 320

Asp Phe Asn Tyr Leu Asp Leu Ser Ala Leu Leu Arg Asn Ser Phe His
325 330 335

Arg Tyr Ala Val Asp Val Leu Lys Ser Gly Arg Cys Gln Met Leu Asp
340 345 350

Arg Arg Thr Val Glu Met Ala Phe Ala Tyr Ala Leu Ala Leu Phe Ala
355 360 365

Ala Ala Arg Gln Glu Glu Ala Gly Ala Glu Val Ser Val Pro Arg Ala
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219

-continued

220

Leu

385

Cys

Ala

Asp

Gln

Ala

465

Ala

Arg
545
Thr

Gln

Gly

Thr

625

Lys

Ala

Leu

Asp

Leu

Leu

Arg

Leu
785

370

Asp

Leu

Val

Ile

Gln

450

Leu

Arg

His

Ser

His

530

Arg

Val

Pro

Glu

Thr

610

Val

Cys

Leu

Glu

Ser

690

Ser

Leu

Met

Tyr

Arg

770

Trp

Arg

Ser

Asp

Thr

435

His

Lys

Gln

Thr

Leu

515

Glu

Asp

Pro

Ser

Ser

595

Asn

Val

Glu

Asn

Tyr

675

Asp

Ser

Glu

Met

Arg
755

Pro

Cys

Gln

Gln

Leu

420

Ser

Leu

Leu

Glu

Thr

500

Ala

Tyr

His

Ala

Thr

580

Phe

Gln

Gly

Leu

Ile

660

Asp

Asp

Pro

Val

Ser
740
Met

Asp

Cys

Ala

Thr

405

Ala

Leu

Ile

His

Leu

485

Glu

Glu

Leu

Ser

Thr

565

Leu

Ser

Tyr

Gln

Thr

645

Ser

Asp

Val

Arg

Thr

725

Val

Leu

Cys

Leu

Ala

390

Pro

Lys

Val

Pro

Lys

470

Tyr

Arg

Leu

Ser

Leu

550

Val

Glu

Ala

Leu

Ser

630

Arg

Leu

Thr

Leu

Thr

710

Tyr

Lys

Gly

Leu
790

375 380

Leu Leu Gln Ile Gln Glu Phe Met Ile
395

Pro Arg Thr Thr Leu Leu Leu Tyr Pro
410 415

Arg Ala Leu Trp Thr Pro Asn Gln Ile
425 430

Arg Leu Val Tyr Ile Leu Ser Lys Gln
440 445

Gln Trp Ala Leu Arg Gln Ile Ala Asp
455 460

Thr His Leu Ala Ser Phe Leu Ser Ala
475

Leu Met Gly Ser Leu Val His Ser Met
490 495

Arg Glu Ile Phe Ile Val Glu Thr Gly
505 510

Ser His Phe Thr Gln Leu Leu Ala His
520 525

Asp Leu Tyr Thr Pro Cys Ser Ser Ser
535 540

Glu Arg Leu Thr Arg Leu Phe Pro Asp
555

Pro Ala Ala Leu Ser Ile Leu Ser Thr
570 575

Thr Phe Pro Asp Leu Phe Cys Leu Pro
585 590

Leu Thr Val Ser Glu His Val Ser Tyr
600 605

Ile Lys Gly Ile Ser Tyr Pro Val Ser
615 620

Leu Ile Ile Thr Gln Thr Asp Ser Gln
635

Asn Met His Thr Thr His Ser Ile Thr
650 655

Glu Asn Cys Ala Phe Cys Gln Ser Ala
665 670

Gln Gly Val Ile Asn Ile Met Tyr Met
680 685

Phe Ala Leu Asp Pro Tyr Asn Glu Val
695 700

His Tyr Leu Met Leu Leu Lys Asn Gly
715

Val Val Val Asp Ala Thr Asp Ser Arg
730 735

Ala Leu Ser Ala Ile Ile Gly Ile Tyr
745 750

Thr Cys Arg Gly Arg Lys Arg Arg Ser
760 765

Phe Ser Phe Ser Pro Gly Pro Val Ile
775 780

Leu Pro Ile Val Ser Ser Ala Ala Val
795

Thr

400

Thr

Thr

Asn

Phe

Phe

480

Leu

Leu

Pro

Gly

Ala

560

Met

Leu

Val

Thr

Thr

640

Ala

Leu

His

Val

Thr

720

Leu

Leu

Cys

Leu

Ser
800



US 9,994,619 B2
221 222

-continued

Val Ala Pro Thr Ala Ala Glu Lys Val Pro Ala Glu Cys Pro Glu Leu
805 810 815

Thr Arg Arg Cys Leu Leu Gly Glu Val Phe Gln Gly Asp Lys Tyr Glu
820 825 830

Ser Trp Leu Arg Pro Leu Val Asn Val Thr Gly Arg Asp Gly Pro Leu
835 840 845

Ser Gln Leu Ile Arg Tyr Arg Pro Val Thr Pro Glu Ala Ala Asn Ser
850 855 860

Val Leu Leu Asp Glu Ala Phe Leu Asp Thr Leu Ala Leu Leu Tyr Asn
865 870 875 880

Asn Pro Asp Gln Leu Arg Ala Leu Leu Thr Leu Leu Ser Ser Asp Thr
885 890 895

Ala Pro Arg Trp Met Thr Val Met Arg Gly Tyr Ser Glu Cys Gly Asp
900 905 910

Gly Ser Pro Ala Val Tyr Thr Cys Val Asp Asp Leu Cys Arg Gly Tyr
915 920 925

Asp Leu Thr Arg Leu Ser Tyr Gly Arg Ser Ile Phe Thr Glu His Val
930 935 940

Leu Gly Phe Glu Leu Val Pro Pro Ser Leu Phe Asn Val Val Val Ala
945 950 955 960

Ile Arg Asn Glu Ala Thr Arg Thr Asn Arg Ala Val Arg Leu Pro Val
965 970 975

Ser Thr Ala Ala Ala Pro Glu Gly Ile Thr Leu Phe Tyr Gly Leu Tyr
980 985 990

Asn Ala Val Lys Glu Phe Cys Leu Arg His Gln Leu Asp Pro Pro Leu
995 1000 1005

Leu Arg His Leu Asp Lys Tyr Tyr Ala Gly Leu Pro Pro Glu Leu
1010 1015 1020

Lys Gln Thr Arg Val Asn Leu Pro Ala His Ser Arg Tyr Gly Pro
1025 1030 1035

Gln Ala Val Asp Ala Arg
1040

<210> SEQ ID NO 74

<211> LENGTH: 1632

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid 5 insert version 2 - IgE leader +
UL131la consensus + Furin + UL130 consensus + Furin + UL128
consensus nucleic acid sequence

<400> SEQUENCE: 74
atggactgga cctggatcct gttectggte geegetgeta cecgggtgca cagcagactg 60

tgcagagtgt ggctgagegt gtgectgtge geegtggtge tgggccagtyg ccagagagag 120

acagccgaga agaacgacta ctaccgggtg ccccactact gggacgectg ctctagagece 180
ctgcccgace agacccggta caaatacgtg gaacagetgg tggacctgac cctgaactac 240
cactacgacg ccagccacgg cctggacaac ttegacgtge tgaageggat caacgtgacce 300
gaggtgtcee tgctgatcag cgacttcegyg cggcagaaca gaagaggcegyg caccaacaag 360
cggactacct tcaacgecge tggcagectyg geccctcacg ccagatcect ggaattcage 420
gtgcggetgt tcegccaacag aggccggaag cggagatcte tgeggetget getgeggeac 480

cacttccact gectgetget gtgtgeegtyg tgggecacee cttgtetgge cageccttgg 540
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224

-continued
agcaccctga ccgccaacca gaaccctage ceccectggt ccaagcetgac ctacagcaag 600
ccccacgacg ccgctaccett ctactgecca ttectgtace ccagecctece cagaagccce 660
ctgcagttca gceggetteca gegggtgtee accggcecctyg agtgccggaa cgagacactg 720
tacctgetgt acaaccgcga gggccagacce ctggtggaac ggtctagcac ctgggtcaag 780
aaagtgatct ggtatctgag cggccggaac cagaccatce tgcagcggat gccteggace 840
gccagcaage ctagcgacgg caacgtgcag atcagegtgg aagatgccaa aatcttegge 900
geecacatgyg tgcccaagca gaccaagetg ctgagatteg tggtcaacga cggcaccaga 960
taccagatgt gcgtgatgaa gctggaaagce tgggcccacg tgttccggga ctacagegtg 1020
tcattccagg tccgactgac cttcaccgag gccaacaacc agacctacac cttctgcacce 1080
cacceccaace tgatcgtcag gggcagaaaa aggaggagca gcecccaagga tctgacccect 1140
ttectgaceg cectgtgget getecctggge cacagcagag tgcctagagt gegggcecgag 1200
gaatgctgeg agttcatcaa cgtgaaccac ccccccgage ggtgctacga cttcaagatg 1260
tgcaaccggt tcaccgtgge tcetgagatge cccgacggceg aagtgtgcta cagccccgag 1320
aaaaccgcceg agatccgggg catcgtgacce accatgacce acagectgac cagacaggtg 1380
gtgcataaca agctgaccag ttgcaactac aacccectgt acctggaagce cgacggcecgyg 1440
atcagatgcg gcaaagtgaa cgacaaggcece cagtacctge tgggegcetge aggcagtgtg 1500
ccctacagat ggatcaacct ggaatacgac aagatcacce ggatcgtggyg cctggaccag 1560
tacctggaaa gcgtgaagaa gcacaagcegg ctggacgtgt gecgggccaa gatgggctac 1620
atgctgcagt ga 1632

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 75
H: 543
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Plasmid 5 amino acid sequence version 2 - IgE

leader + ULl3la consensus + Furin + UL130 consensus + Furin +

UL128 consensus amino acid sequence

<400> SEQUENCE: 75

Met Asp Trp
1

His Ser Arg

Val Leu Gly
35

Arg Val Pro

Thr Arg Tyr
65

His Tyr Asp

Ile Asn Val

Asn Arg Arg

115

Ser Leu Ala
130

Ala Asn Arg
145

Thr Trp Ile Leu Phe

5

Leu Cys Arg Val Trp

20

Gln Cys Gln Arg Glu

40

His Tyr Trp Asp Ala

Lys Tyr Val Glu Gln

70

Ala Ser His Gly Leu

85

Thr Glu Val Ser Leu

100

Gly Gly Thr Asn Lys

120

Pro His Ala Arg Ser

135

Gly Arg Lys Arg Arg
150

Leu

Leu

25

Thr

Cys

Leu

Asp

Leu

105

Arg

Leu

Ser

Val

10

Ser

Ala

Ser

Val

Asn

90

Ile

Thr

Glu

Leu

Ala

Val

Glu

Arg

Asp

75

Phe

Ser

Thr

Phe

Arg
155

Ala Ala Thr
Cys Leu Cys
30

Lys Asn Asp
45

Ala Leu Pro
60

Leu Thr Leu

Asp Val Leu

Asp Phe Arg

110

Phe Asn Ala
125

Ser Val Arg
140

Leu Leu Leu

Arg Val
15

Ala Val

Tyr Tyr

Asp Gln

Asn Tyr

80
Lys Arg

95

Arg Gln

Ala Gly

Leu Phe

Arg His
160



US 9,994,619 B2

225

-continued

226

Ala

Trp

Cys

Gly

225

Tyr

Thr

Ile

Pro

305

Tyr

Asp

Asn

Arg

Leu

385

Glu

Asp

Gly

Leu

465

Ile

Ala

Thr

Lys

<210>
<211>
<212>
<213>
<220>

Phe

Ser

Ser

Pro

210

Phe

Leu

Trp

Leu

Gln

290

Lys

Gln

Tyr

Gln

Lys

370

Trp

Cys

Phe

Glu

Thr

450

Thr

Arg

Gly

Arg

Arg
530

His

Pro

Lys

195

Phe

Gln

Leu

Val

Gln

275

Ile

Gln

Met

Ser

Thr

355

Arg

Leu

Cys

Lys

Val

435

Thr

Ser

Cys

Ser

Ile
515

Leu

Cys

Trp

180

Leu

Leu

Arg

Tyr

Lys

260

Arg

Ser

Thr

Cys

Val

340

Tyr

Arg

Leu

Glu

Met

420

Cys

Met

Cys

Gly

Val
500

Val

Asp

Leu

165

Ser

Thr

Tyr

Val

Asn

245

Lys

Met

Val

Lys

Val

325

Ser

Thr

Ser

Leu

Phe

405

Cys

Tyr

Thr

Asn

Lys

485

Pro

Gly

Val

SEQ ID NO 76
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:

2934

Leu

Thr

Tyr

Pro

Ser

230

Arg

Val

Pro

Glu

Leu

310

Met

Phe

Phe

Ser

Gly

390

Ile

Asn

Ser

His

Tyr

470

Val

Tyr

Leu

Cys

Leu Cys Ala Val Trp Ala Thr Pro Cys
170 175

Leu Thr Ala Asn Gln Asn Pro Ser Pro
185 190

Ser Lys Pro His Asp Ala Ala Thr Phe
200 205

Ser Pro Pro Arg Ser Pro Leu Gln Phe
215 220

Thr Gly Pro Glu Cys Arg Asn Glu Thr
235

Glu Gly Gln Thr Leu Val Glu Arg Ser
250 255

Ile Trp Tyr Leu Ser Gly Arg Asn Gln
265 270

Arg Thr Ala Ser Lys Pro Ser Asp Gly
280 285

Asp Ala Lys Ile Phe Gly Ala His Met
295 300

Leu Arg Phe Val Val Asn Asp Gly Thr
315

Lys Leu Glu Ser Trp Ala His Val Phe
330 335

Gln Val Arg Leu Thr Phe Thr Glu Ala
345 350

Cys Thr His Pro Asn Leu Ile Val Arg
360 365

Pro Lys Asp Leu Thr Pro Phe Leu Thr
375 380

His Ser Arg Val Pro Arg Val Arg Ala
395

Asn Val Asn His Pro Pro Glu Arg Cys
410 415

Arg Phe Thr Val Ala Leu Arg Cys Pro
425 430

Pro Glu Lys Thr Ala Glu Ile Arg Gly
440 445

Ser Leu Thr Arg Gln Val Val His Asn
455 460

Asn Pro Leu Tyr Leu Glu Ala Asp Gly
475

Asn Asp Lys Ala Gln Tyr Leu Leu Gly
490 495

Arg Trp Ile Asn Leu Glu Tyr Asp Lys
505 510

Asp Gln Tyr Leu Glu Ser Val Lys Lys
520 525

Arg Ala Lys Met Gly Tyr Met Leu Gln
535 540

Leu

Pro

Tyr

Ser

Leu

240

Ser

Thr

Asn

Val

Arg

320

Arg

Asn

Gly

Ala

Glu

400

Tyr

Asp

Ile

Lys

Arg

480

Ala

Ile

His
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-continued

<223> OTHER INFORMATION: modified pVaxl backbone nucleic acid sequence

<400> SEQUENCE: 76

gactcttege gatgtacggg ccagatatac gegttgacat tgattattga ctagttatta 60
atagtaatca attacggggt cattagttca tagcccatat atggagttce gegttacata 120
acttacggta aatggccege ctggectgace geccaacgac cecegeccat tgacgtcaat 180
aatgacgtat gttcccatag taacgccaat agggacttte cattgacgte aatgggtgga 240
ctatttacgg taaactgccce acttggcagt acatcaagtg tatcatatge caagtacgcece 300
ccctattgac gtcaatgacg gtaaatggece cgectggeat tatgcccagt acatgacctt 360
atgggacttt cctacttgge agtacatcta cgtattagtce atcgctatta ccatggtgat 420
geggttttgg cagtacatca atgggegtgyg atageggttt gactcacggyg gatttccaag 480
tctecaccce attgacgtca atgggagttt gttttggcac caaaatcaac gggactttece 540
aaaatgtcgt aacaactceg ccccattgac gcaaatggge ggtaggegtyg tacggtggga 600
ggtctatata agcagagctce tctggctaac tagagaacce actgettact ggettatcga 660
aattaatacg actcactata gggagaccca agetggetag cgtttaaact taagctttaa 720
ctcgagteta gagggecegt ttaaaccege tgatcagect cgactgtgece ttcetagttge 780
cagccatetyg ttgtttgece ctecceegtyg ccttecttga cectggaagg tgccactecce 840
actgtccttt cctaataaaa tgaggaaatt gcatcgeatt gtctgagtag gtgtcattcet 900

attctggggy gtggggtggg geaggacage aagggggagg attgggaaga caatagcagg 960

catgctgggg atgcggtggg ctcectatggct tctactggge ggttttatgg acagcaagceg 1020
aaccggaatt gccagctggg gegccectcectg gtaaggttgg gaagccctgce aaagtaaact 1080
ggatggcttt ctecgecgcca aggatctgat ggcgcagggg atcaagctct gatcaagaga 1140
caggatgagg atcgtttcgce atgattgaac aagatggatt gcacgcaggt tectceccggecg 1200
cttgggtgga gaggctattc ggctatgact gggcacaaca gacaatcggce tgctctgatg 1260
ccgececgtgtt cecggectgtceca gegcagggge gceccecggttet ttttgtcaag accgacctgt 1320
ceggtgecct gaatgaactg caagacgagg cagegcegget atcegtggetyg gcecacgacgg 1380
gcgttecttyg cgcagetgtg ctegacgttg tcactgaage gggaagggac tggctgctat 1440
tgggcgaagt gccggggcag gatctcectgt catctcacct tgctectgee gagaaagtat 1500
ccatcatggce tgatgcaatg cggcggctgce atacgcttga teccggctacce tgcccattceg 1560
accaccaagc gaaacatcgc atcgagegag cacgtacteg gatggaagece ggtcttgteg 1620
atcaggatga tctggacgaa gagcatcagg ggctcgegece agecgaactyg ttcegecagge 1680
tcaaggcgag catgcccgac ggcgaggatce tcgtegtgac ccatggcgat gectgcttgce 1740
cgaatatcat ggtggaaaat ggccgctttt ctggattcat cgactgtggce cggctgggtg 1800
tggcggaccg ctatcaggac atagcecgttgg ctacccgtga tattgctgaa gagcttggeg 1860
gcgaatggge tgaccgette ctegtgettt acggtatcge cgctceccgat tcegcagegca 1920
tcgectteta tegecttett gacgagttcet tctgaattat taacgcttac aatttcectga 1980
tgcggtattt tctcecttacg catctgtgcg gtatttcaca ccgcatacag gtggcacttt 2040
tcggggaaat gtgcgcggaa cccctatttg tttatttttce taaatacatt caaatatgta 2100
tcegectecatg agacaataac cctgataaat gcttcaataa tagcacgtgce taaaacttca 2160
tttttaattt aaaaggatct aggtgaagat cctttttgat aatctcatga ccaaaatccc 2220

ttaacgtgag ttttcgttecc actgagcgtce agaccccegta gaaaagatca aaggatcttce 2280



229

US 9,994,619 B2

230
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ttgagatcct ttttttctge gegtaatctg ctgcttgcaa acaaaaaaac caccgctacce 2340
agcggtggtt tgtttgcecgg atcaagagct accaactcett tttceccgaagg taactggett 2400
cagcagagcg cagataccaa atactgtcct tctagtgtag ccgtagttag gccaccactt 2460
caagaactct gtagcaccgc ctacatacct cgctctgcecta atcctgttac cagtggctgce 2520
tgccagtgge gataagtcegt gtcecttaccgg gttggactca agacgatagt taccggataa 2580
ggcgcagegy tegggctgaa cggggggtte gtgcacacag ccecagettgg agcgaacgac 2640
ctacaccgaa ctgagatacc tacagcgtga gectatgagaa agcgccacge ttcccgaagg 2700
gagaaaggcyg gacaggtatc cggtaagcegg cagggtcgga acaggagagce gcacgaggga 2760
gcttecaggg ggaaacgcct ggtatcttta tagtecctgte gggtttegece acctcetgact 2820
tgagcgtcga tttttgtgat gcetcecgtcagg ggggcggagce ctatggaaaa acgccagcaa 2880
cgeggecttt ttacggttec tgggettttg ctggectttt getcacatgt tett 2934
<210> SEQ ID NO 77
<211> LENGTH: 5742
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: 1011932 pHCMVgB_pVAX1l (LTGA)
<400> SEQUENCE: 77
gactcttege gatgtacggg ccagatatac gegttgacat tgattattga ctagttatta 60
atagtaatca attacggggt cattagttca tagcccatat atggagttcce gcgttacata 120
acttacggta aatggcccge ctggctgacce geccaacgac ccccgeccat tgacgtcaat 180
aatgacgtat gttcccatag taacgccaat agggacttte cattgacgtce aatgggtgga 240
ctatttacgg taaactgccc acttggcagt acatcaagtyg tatcatatgce caagtacgcce 300
ccctattgac gtcaatgacg gtaaatggece cgectggeat tatgcccagt acatgacctt 360
atgggacttt cctacttggc agtacatcta cgtattagte atcgctatta ccatggtgat 420
geggttttgyg cagtacatca atgggegtgg atageggttt gactcacggg gatttccaag 480
tctecaccee attgacgtca atgggagttt gttttggcac caaaatcaac gggactttce 540
aaaatgtcgt aacaactccg ccccattgac geaaatggge ggtaggcegtyg tacggtggga 600
ggtctatata agcagagctc tctggctaac tagagaaccce actgcttact ggettatcga 660
aattaatacg actcactata gggagaccca agctggctag cgtttaaact taagettgece 720
accatggact ggacctggat cctgttectg gtggecgetyg ccacacgggt gcacagcgag 780
agcagaatct ggtgectggt cgtgtgegtg aacctgtgea tegtgtgect gggagecgece 840
gtgtccagea gcagcacceg gggcacaagce gccacacaca gccaccacag cagccacace 900
accagegeceg cccacagecg gagcggaage gtgagcagece agegggtgac cagcagcgag 960
geegtgtecee accgggccaa cgagacaatc tacaacacca ccctgaagta cggcgacgte 1020
gtgggagtga acaccaccaa gtacccctac agagtgtgca gcatggcecca gggcaccgac 1080
ctgatcagat tcgagcggaa catcgtgtgt accagcatga agcccatcaa cgaggacctg 1140
gacgagggca tcatggtggt gtacaagaga aacatcgtgg cccacacctt caaagtgcgg 1200
gtgtaccaga aggtgctgac cttccggegg agctacgcect acatccacac cacctacctg 1260
ctgggcagca acaccgagta cgtggecect cecatgtggg agatccacca catcaacage 1320
cacagccagt gctacagcag ctacagccgce gtgatcgecg gcaccgtgtt cgtggcectac 1380
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caccgggaca gctacgagaa caagaccatg cagctgatge ccgacgacta cagcaacacce 1440
cacagcacca gatacgtgac cgtgaaggac cagtggcaca gccggggaag cacctggcetg 1500
tacagagaga catgcaacct gaactgcatg gtcaccatca ccaccgccag aagcaagtac 1560
ccttaccact tcecttecgccac cagcaccggce gacgtggtgg acatcagccce cttctacaac 1620
ggcaccaacc ggaacgccag ctacttcecggce gagaacgcceg acaagttcectt catctteccce 1680
aactacacca tcgtgtccga cttceggecaga cccaacageg cccectgagac acaccggcetg 1740
gtggecttte tggaacggge cgacagegtg atcagetggg acatccagga cgagaagaac 1800
gtgacctgee agctgacctt ctgggaggct agcgagegga ccatcagaag cgaggccgag 1860
gacagctacce acttcagcag cgccaagatg accgccacct tectgagcaa gaaacaggaa 1920
gtgaacatga gcgacagcge cctggactge gtgcgggatg aggccatcaa caagcetgcag 1980
cagatcttca acaccagcta caaccagacc tacgagaagt atggcaacgt gtccgtgttce 2040
gagacaacag gcggcctggt ggtgttetgg cagggcatca agcagaagtc cctggtcgag 2100
ctggaacgge tggccaacag aagcagectg aacctgaccee accggaccaa gcggagcace 2160
gacggcaaca ataccaccca cctgagcaac atggaaagceg tccacaacct ggtgtacgec 2220
cagctgcagt tcacctacga caccctgegg ggctacatca accgggcecct ggcccagate 2280
gccgaggett ggtgtgtgga ccagcggegg accctggaag tgttcaaaga gctgagcaag 2340
atcaacccca gecgccatect gagcgccatce tacaacaagce ctatcgceccge cagattcatg 2400
ggcgacgtyge tgggectgge cagetgegtg accatcaacce agaccagegt gaaggtgcetg 2460
cgggacatga acgtgaaaga aagccccggce agatgctact ccagacccgt ggtcatctte 2520
aacttcgcca acagctcecta cgtgcagtac ggccagetgg gcgaggacaa cgagatcctg 2580
ctgggaaacce accggaccga ggaatgecag ctgcccagece tgaagatctt tatcgecgge 2640
aacagcgcect acgagtatgt ggactacctg ttcaagcgga tgatcgacct gagcagcatce 2700
agcaccgtgg acagcatgat cgccctggac atcgaccceee tggaaaacac cgacttccgg 2760
gtgctggaac tgtacagcca gaaagagctg cggagcagca acgtgttecga cctggaagag 2820
atcatgcgceg agttcaacag ctacaagcag cgcgtgaaat acgtcgagga caaggtggtg 2880
gaccccctyge ceccectacct gaagggectg gacgacctga tgagceggect gggagetget 2940
ggcaaggceyg tgggagtgge cattggaget gtgggeggag cegtggecag cgtggtggaa 3000
ggcgtggeca cctttectgaa gaacccectte ggcgecttceca ccatcatcct ggtggctatce 3060
gccgtegtga tcatcaccta cctgatctac acccecggcage ggcggctgtg tacccagect 3120
ctgcagaacc tgttccccta ccectggtgtce gccgacggca ccaccgtgac aagcggctcece 3180
accaaggaca ccagcctgca ggccccaccece agetacgagg aatccgtgta caacagegge 3240
cggaagggee caggcecctcece tagctctgac gectctacag cegecccacce ctacaccaac 3300
gagcaggcect accagatgcet getggecctg getagactgg acgccgagca gagagcccag 3360
cagaacggaa ccgacagcct ggatggecag accggcaccece aggacaaggyg ccagaagccce 3420
aacctgcetgg accggetgceg gcacagaaag aacggctacce ggcacctgaa ggacagcgac 3480
gaagaggaaa acgtgtaccc ctacgacgtg cccgactacg cttgatgact cgagtctaga 3540
gggceccgttt aaacccgctg atcagecteg actgtgectt ctagttgeca gccatctgtt 3600
gtttgccect ccececegtgee ttecttgace ctggaaggtyg ccactcccac tgtectttece 3660
taataaaatg aggaaattgc atcgcattgt ctgagtaggt gtcattctat tctggggggt 3720
ggggtgggyge aggacagcaa gggggaggat tgggaagaca atagcaggca tgctggggat 3780
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gcggtggget ctatggcectte tactgggegg ttttatggac agcaagcgaa ccggaattge 3840
cagctggggce gecctctggt aaggttggga agccctgcaa agtaaactgg atggcetttcet 3900
cgecgecaag gatctgatgg cgcaggggat caagetctga tcaagagaca ggatgaggat 3960
cgtttcecgcat gattgaacaa gatggattgc acgcaggttc tccggecget tgggtggaga 4020
ggctattcegg ctatgactgg gcacaacaga caatcggctg ctectgatgcece gcecegtgttece 4080
ggctgtcage gcaggggcgce ccggttettt ttgtcaagac cgacctgtcce ggtgccctga 4140
atgaactgca agacgaggca gcgcggctat cgtggctgge cacgacgggce gttecttgeg 4200
cagctgtget cgacgttgte actgaagcgg gaagggactg gcectgctattg ggcgaagtgce 4260
cggggcagga tctcectgtceca tetcaccttg ctectgecga gaaagtatcce atcatggetg 4320
atgcaatgcg gcggctgcat acgcttgatce cggctacctg cccattcgac caccaagcga 4380
aacatcgcat cgagcgagca cgtactcgga tggaagccegg tcecttgtcgat caggatgatce 4440
tggacgaaga gcatcagggg ctcgcgecag ccgaactgtt cgecaggetce aaggcgagca 4500
tgccecgacgg cgaggatcte gtegtgacce atggcgatge ctgcttgceg aatatcatgg 4560
tggaaaatgg ccgcttttet ggattcatcg actgtggecg getgggtgtg geggaccgcet 4620
atcaggacat agcgttggct acccgtgata ttgctgaaga gecttggcgge gaatgggcetg 4680
accgcttect cgtgctttac ggtatcgceccg cteccgatte gcagecgcate gecttcectatce 4740
gccttettga cgagttcectte tgaattatta acgcttacaa tttecctgatg cggtatttte 4800
tcettacgca tectgtgeggt atttcacacce gcatacaggt ggcactttte ggggaaatgt 4860
gcgcggaacce cctatttgtt tatttttcta aatacattca aatatgtatc cgctcatgag 4920
acaataaccc tgataaatgc ttcaataata gcacgtgcta aaacttcatt tttaatttaa 4980
aaggatctag gtgaagatcc tttttgataa tctcatgacc aaaatccctt aacgtgagtt 5040
ttegttecac tgagcgtcag accccgtaga aaagatcaaa ggatcttctt gagatccttt 5100
ttttctgege gtaatctget gettgcaaac aaaaaaacca ccgctaccag cggtggtttg 5160
tttgccggat caagagctac caactctttt tccgaaggta actggcttca gcagagcgca 5220
gataccaaat actgtcctte tagtgtagcc gtagttaggce caccacttca agaactctgt 5280
agcaccgect acataccteg ctetgctaat cctgttacca gtggctgctg ccagtggega 5340
taagtcgtgt cttaccgggt tggactcaag acgatagtta ccggataagg cgcagcggtce 5400
gggctgaacyg gggggttcegt gcacacagcece cagcttggag cgaacgacct acaccgaact 5460
gagataccta cagcgtgage tatgagaaag cgccacgcett cecgaaggga gaaaggcgga 5520
caggtatceg gtaageggca gggtcggaac aggagagege acgagggage ttccaggggg 5580
aaacgcctgg tatctttata gtecctgtcgg gtttegecac ctcectgacttg agegtcgatt 5640
tttgtgatgce tcgtcagggyg ggcggagcct atggaaaaac gccagcaacg cggcecttttt 5700
acggttectg ggcttttget ggccttttge tcacatgtte tt 5742
<210> SEQ ID NO 78
<211> LENGTH: 4590
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: 1007652_pHCMVgMgN_pVAX1l (LTGA)
<400> SEQUENCE: 78
gactcttege gatgtacggg ccagatatac gegttgacat tgattattga ctagttatta 60
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atagtaatca attacggggt cattagttca tagcccatat atggagttcce gcgttacata 120
acttacggta aatggcccge ctggctgacce geccaacgac ccccgeccat tgacgtcaat 180
aatgacgtat gttcccatag taacgccaat agggacttte cattgacgtce aatgggtgga 240
ctatttacgg taaactgccc acttggcagt acatcaagtyg tatcatatgce caagtacgcce 300
ccctattgac gtcaatgacg gtaaatggece cgectggeat tatgcccagt acatgacctt 360
atgggacttt cctacttggc agtacatcta cgtattagte atcgctatta ccatggtgat 420
geggttttgyg cagtacatca atgggegtgg atageggttt gactcacggg gatttccaag 480
tctecaccee attgacgtca atgggagttt gttttggcac caaaatcaac gggactttce 540
aaaatgtcgt aacaactccg ccccattgac geaaatggge ggtaggcegtyg tacggtggga 600
ggtctatata agcagagctc tctggctaac tagagaaccce actgcttact ggettatcga 660
aattaatacg actcactata gggagaccca agctggctag cgtttaaact taagettgece 720
accatggatt ggacctggat cctgttectg gtggecgetyg ctacccegggt ccacagtgca 780
cccagecacyg tggacaaagt gaacacccgg acttggageg ccagcatcegt gttcatggtg 840
ctgacctteg tgaatgtgtce cgtccacctg gtgctgagea actteccceca cctgggctac 900
ceetgegtgt actaccacgt ggtggacttce gageggctga acatgagege ctacaacgtg 960
atgcatctgce acacccccat getgtttcetg gacagcegtge agctegtgtg ctacgcecgtg 1020
tttatgcagce tggtgttcct ggccgtgacce atctactacc tcgtgtgctg gatcaagatt 1080
tctatgegga aggacaaggg catgagectg aaccagagca cccgggacat cagctacatg 1140
ggcgacagcece tgaccgectt cctgttcatce ctgagcatgg acaccttcecca gctgttcacce 1200
ctgaccatga gcttceccgget geccagcatg atcgecttta tggccgceccecgt ccacttette 1260
tgtctgacca tcttcaacgt gtccatggtce acccagtaca gaagctacaa gcggagcectg 1320
ttecttettca gtcggctgeca ccccaagcectg aagggcaccg tccagttceceg gaccctgatce 1380
gtgaacctgg tggaagtggc cctgggcettce aacaccaccg tggtggctat ggctcectgtge 1440
tacggcttecg gcaacaactt cttegtgcgg acaggccaca tggtgcectgge cgtgttegtg 1500
gtgtacgcca ttatcagcat catctacttt ctgctgatcg aggccgtgtt ctteccagtac 1560
gtgaaggtgc agttcggcta ccacctggge gecttttteg gectgtgegg cctgatctac 1620
ccecategtge agtacgacac cttcecctgage aacgagtacce ggaccggcat cagctggtcece 1680
ttcggcatge tgttcecttcecat ctgggccatg ttcaccacct gtcgggccgt geggtactte 1740
agaggcagag gcagcggctce cgtgaagtac caggccctgg ccacagccag cggcgaagaa 1800
gtggccgeee tgagecacca cgacagectg gaaagcagac ggctgagaga ggaagaggac 1860
gacgacgacyg atgaggactt cgaggacgcc tacccctacg acgtgcccga ctatgccege 1920
ggcagaaagc ggagatctga gtggaacacc ctggtgctgg gtcectgetggt gctgtctgtg 1980
geegecagea gcaacaacac cagcactgcece agcaccccca gecctagecag cagcacccac 2040
accteccacca ccgtgaaggce caccaccacce gecaccacaa gcaccacaac agccaccage 2100
accacctctt ccaccaccag cacaaagcecce ggcagcacca ctcacgaccce caacgtgatg 2160
aggccccacg cccacaacga cttctacaag geccactgea ccagecatat gtacgagetg 2220
agcctgagca gecttegecege ctggtggacce atgctgaacg ccecctgatcct gatgggcgcece 2280
ttectgcatecg tgctgcggca ctgctgctte cagaacttca ccgccacaac caccaagggce 2340
tactaccctt acgatgtgcc tgattatgcce tgatgactcg agtctagagg geccgtttaa 2400
acccgcetgat cagcectcgac tgtgecttcet agttgccage catctgttgt ttgeccectcece 2460
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ccegtgectt cecttgaceccet ggaaggtgcce actcecccactg tectttecta ataaaatgag 2520
gaaattgcat cgcattgtct gagtaggtgt cattctattc tggggggtgg ggtggggcag 2580
gacagcaagyg gggaggattg ggaagacaat agcaggcatg ctggggatgc ggtgggetcet 2640
atggcttecta ctgggcggtt ttatggacag caagcgaacc ggaattgcca getggggcegce 2700
cctctggtaa ggttgggaag ccctgcaaag taaactggat ggctttcteg ccgccaagga 2760
tctgatggeg caggggatca agctctgatc aagagacagg atgaggatcg tttcecgcatga 2820
ttgaacaaga tggattgcac gcaggttctc cggccgettg ggtggagagg ctattcggcet 2880
atgactgggc acaacagaca atcggctgct ctgatgccge cgtgttccgg ctgtcagegce 2940
aggggcgecce ggttettttt gtcaagaccg acctgtecegg tgccctgaat gaactgcaag 3000
acgaggcagc gcggctatceg tggctggcca cgacgggegt tecttgcecgeca getgtgetceg 3060
acgttgtcac tgaagcggga agggactggc tgctattggg cgaagtgccg gggcaggatce 3120
tcetgtecate tcaccttget cctgccgaga aagtatccat catggctgat gcaatgcggce 3180
ggctgcatac gcttgatccg gctacctgece cattcgacca ccaagcgaaa catcgcatcg 3240
agcgagcacg tactcggatg gaagccggtce ttgtcgatca ggatgatctg gacgaagagc 3300
atcaggggcet cgcgecagcece gaactgttceg ccaggctcaa ggcgagcatyg cccgacggceg 3360
aggatctecgt cgtgacccat ggcgatgcct gcttgccgaa tatcatggtg gaaaatggcece 3420
gcttttetgg attcatcgac tgtggcegge tgggtgtgge ggaccgctat caggacatag 3480
cgttggctac ccgtgatatt getgaagagce ttggcggcga atgggctgac cgcttecteg 3540
tgctttacgg tatcgccget cccgattcecge agecgcatcege cttctatcge cttettgacg 3600
agttcttectg aattattaac gcttacaatt tcctgatgeg gtattttcte cttacgcatce 3660
tgtgcggtat ttcacaccgc atacaggtgg cacttttegg ggaaatgtge gcggaacccce 3720
tatttgttta tttttctaaa tacattcaaa tatgtatccg ctcatgagac aataaccctg 3780
ataaatgctt caataatagc acgtgctaaa acttcatttt taatttaaaa ggatctaggt 3840
gaagatcctt tttgataatc tcatgaccaa aatcccttaa cgtgagtttt cgttccactg 3900
agcgtcagac cccgtagaaa agatcaaagg atcttcttga gatccttttt ttetgcegegt 3960
aatctgctgce ttgcaaacaa aaaaaccacc gctaccagcg gtggtttgtt tgccggatca 4020
agagctacca actcttttte cgaaggtaac tggcttcagce agagcgcaga taccaaatac 4080
tgtcctteta gtgtagcegt agttaggcca ccacttcaag aactctgtag caccgcctac 4140
atacctecget ctgctaatcce tgttaccagt ggctgctgece agtggcgata agtcgtgtcet 4200
taccgggttg gactcaagac gatagttacc ggataaggcg cagcggtcgg gcetgaacggg 4260
gggttegtge acacagccca gcttggageg aacgacctac accgaactga gatacctaca 4320
gegtgageta tgagaaagceg ccacgettcece cgaagggaga aaggcggaca ggtatcceggt 4380
aagcggcagg gtcggaacag gagagcgcac gagggagett ccagggggaa acgectggta 4440
tctttatagt cctgtcgggt ttecgccacct ctgacttgag cgtcgatttt tgtgatgcetce 4500
gtcagggggyg cggagcctat ggaaaaacgc cagcaacgcg gectttttac ggttecctggg 4560
cttttgcetgg ccttttgete acatgttctt 4590

<210> SEQ ID NO 79
<211> LENGTH: 6129

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: 0958364 _pCMVgHgL pVAX1l (LTGA)

<400> SEQUENCE: 79

gactcttege gatgtacggg ccagatatac gegttgacat tgattattga ctagttatta 60
atagtaatca attacggggt cattagttca tagcccatat atggagttce gegttacata 120
acttacggta aatggccege ctggectgace geccaacgac cecegeccat tgacgtcaat 180
aatgacgtat gttcccatag taacgccaat agggacttte cattgacgte aatgggtgga 240
ctatttacgg taaactgccce acttggcagt acatcaagtg tatcatatge caagtacgcece 300
ccctattgac gtcaatgacg gtaaatggece cgectggeat tatgcccagt acatgacctt 360
atgggacttt cctacttgge agtacatcta cgtattagtce atcgctatta ccatggtgat 420
geggttttgg cagtacatca atgggegtgyg atageggttt gactcacggyg gatttccaag 480
tctecaccce attgacgtca atgggagttt gttttggcac caaaatcaac gggactttece 540
aaaatgtcgt aacaactceg ccccattgac gcaaatggge ggtaggegtyg tacggtggga 600
ggtctatata agcagagctce tctggctaac tagagaacce actgettact ggettatcga 660
aattaatacg actcactata gggagaccca agetggetag cgtttaaact taagettgece 720
accatggact ggacctggat cctgttectg gtggecgetg ctaccegggt gcacagtcega 780
cceggectge ccagctacct gacegtgtte geegtgtace tgetgageca tcetgeccage 840
cagagatacg gcgccgatge cgectcetgag geectggate ctcacgectt ccatctgetg 900
ctgaacacct acggcagacce tatcecggtte ctgegegaga acaccaccca gtgcacctac 960

aacagcagcce tgcggaacag caccgtegtg cgcgagaatg ctatcagctt caacttcette 1020
cagagctaca accagtacta cgtgttccac atgccceggt gectgttcecge cggacctetg 1080
geecgagcagt tectgaacca ggtggacctg accgagacac tggaaagata ccagcagcegg 1140
ctgaatacct acgccctggt gtccaaggac ctggccaget accggtcectt cagccagcag 1200
ctgaaggcte aggacagcect gggcgagcag cctaccaceg tgccccctece aatcgacctg 1260
agcatcccee acgtgtggat gecccececag accacaccte acggctggaa agagagccac 1320
accaccagceg gcctgcacag accccactte aaccagacct gcattetgtt cgacggecac 1380
gacctgctgt tcagcaccgt gaccccectge ctgcaccagg gcecttctacct gatcgacgag 1440
ctgagatacg tgaagatcac cctgaccgag gatttctteg tggtcaccgt gtccatcgac 1500
gacgacaccce ccatgctgct gatcttegge catctgecte gggtgcetgtt caaggccccce 1560
taccagcggg acaacttcat cctgcggcag accgagaagce acgagctgcet ggtgetggtce 1620
aagaaggacc agctgaaccg gcactcctac ctgaaggacce ccgacttect ggacgecgece 1680
ctggacttca actacctgga cctgagcgce ctgctgagaa acagcttcca cagatacgcece 1740
gtggacgtge tgaagtccgg ccggtgccag atgctggaca gacggaccgt ggaaatggece 1800
ttecgectatg cecctggeect gtttgcecgee gcteggcagg aagaggctgg cgctgaagtg 1860
tcegtgecca gagcectgga cagacaggcece gctcectgetge agatccagga attcatgatce 1920
acctgtetga geccagaccee cectcecggace accctgetge tgtaccctac cgeccgtggat 1980
ctggecaage gggcecctgtyg gacccccaac cagatcacceg acatcacaag cctegtgegg 2040
ctggtgtaca tcctgagcaa gcagaaccag cagcacctga tcccccagtyg ggccctgaga 2100
cagatcgcecg acttecgcect gaagctgcac aagacccacce tggctagctt tetgagecgcece 2160
ttcgctagge aggaactgta cctgatgggce agectggtge actccatget ggtgcacacce 2220

accgagagge gggaaatctt catcgtggaa accggectgt geagectgge cgagetgage 2280
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cacttcacce agctgetgge ccacccececac cacgagtace tgagcgacct gtacacccce 2340
tgcagctcecta gecggcagacg ggatcacagce ctggaacggce tgacccgget gttecccgat 2400
gccacagtge ctgccactgt gccagcecgec ctgtceccatec tgtccaccat gcagcccagce 2460
accctggaaa cctteccega ccetgttetge ctgeccecetgg gegagagctt cagegcecctg 2520
acagtgtccg agcacgtgte ctacgtggtc accaaccagt acctgatcaa gggcatcagc 2580
taccecegtgt ccaccaccgt cgtgggecag agectgatca tcacccagac cgacagccag 2640
accaagtgceg agctgaccceg gaacatgcac accacacaca gcatcactge cgccctgaac 2700
atcagcctgg aaaactgcge cttcectgeccag tctgccecetge tggaatacga cgatacccag 2760
ggcgtgatca acatcatgta catgcacgac agcgacgacg tgctgttecgce cctggacccce 2820
tacaacgagg tggtggtgtc cagcccccgg acccactacce tgatgectget gaagaacggce 2880
accgtgetgg aagtgaccga cgtggtggtg gacgccaccg acagcagact gectgatgatg 2940
agcgtgtacg ccctgagege catcatcgge atctacctge tgtaccggat getgaaaacc 3000
tgctaccccet acgacgtgcce cgactacgece cgeggcagaa agcggagatce ctgcaggcegg 3060
ccecgactgeg gettcagett cagccctgge ccegtgatcee tgectgtggtg ctgectgetg 3120
ctgcccateg tgtcectcectge cgeccgtgtcet gtggccecta cagccgccga gaaggtgeca 3180
gccgagtgece ctgagctgac cagacggtgt ctgctgggeg aggtgttcca gggcgataag 3240
tacgagagct ggctgeggcece cctggtcaac gtgaccggea gagatggece cctgagecag 3300
ctgatcceggt acagacccgt gacccctgag gecgccaaca gegtgcetget ggacgaagece 3360
tttctggaca cactggccecct getgtacaac aaccccgacce agctgeggge cctgctgaca 3420
ctgctgagca gcgataccge ccccagatgg atgaccgtga tgcggggceta cagcgagtge 3480
ggcgacggat ctcccgecgt gtacacctgt gtggacgacce tgtgccecgggg ctacgacctg 3540
accagactga gctacggcceg gtccatctte acagagcacg tgctgggctt cgagetggtg 3600
ccececagee tgttcaatgt ggtggtggece atccggaacyg aggccacccyg gaccaacaga 3660
gcagtgcgge tgcctgtgte caccgctget getccagagg gcatcaccct gttcectacgge 3720
ctgtacaacg ccgtgaaaga gttctgectg agacaccagce tggaccccece cctgetgegg 3780
cacctggaca agtactacgc cggcctgect cecgagetga agcagaccag agtgaacctg 3840
ccegeccaca gcagatacgg ccctcaggece gtggacgceca gataccctta cgatgtgect 3900
gattatgcct gatgactcga gtctagaggg cccgtttaaa cccgctgatce agectcgact 3960
gtgcctteta gttgccagcee atctgttgtt tgccecctceee cegtgectte cttgacectyg 4020
gaaggtgcca ctcccactgt cctttectaa taaaatgagg aaattgcatc gcattgtcetg 4080
agtaggtgtc attctattct ggggggtggg gtggggcagg acagcaaggg ggaggattgg 4140
gaagacaata gcaggcatgc tggggatgcg gtgggctcta tggcttctac tgggcggttt 4200
tatggacagc aagcgaaccg gaattgccag ctggggcgcece ctctggtaag gttgggaagce 4260
cctgcaaagt aaactggatg gcetttcectcecge cgccaaggat ctgatggcgce aggggatcaa 4320
gctectgatca agagacagga tgaggatcgt ttcgcatgat tgaacaagat ggattgcacyg 4380
caggttctce ggccgcecttgg gtggagaggce tattcggcecta tgactgggca caacagacaa 4440
tcggectgete tgatgccgece gtgttecgge tgtcagegca ggggcgcecceg gttetttttg 4500
tcaagaccga cctgtccggt gecctgaatg aactgcaaga cgaggcagceg cggctategt 4560
ggctggccac gacgggcgtt ccttgcgcag ctgtgctcga cgttgtcact gaagcgggaa 4620
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gggactggct gctattggge gaagtgccgg ggcaggatct cctgtcatct caccttgetce 4680
ctgccgagaa agtatccatc atggctgatg caatgcggcg gcectgcatacg cttgatcegg 4740
ctacctgccee attcgaccac caagcgaaac atcgcatcga gcgagcacgt actcggatgg 4800
aagccggtet tgtcgatcag gatgatctgg acgaagagca tcaggggctce gegccagecg 4860
aactgttcge caggctcaag gcgagcatgce ccgacggcga ggatctcecgte gtgacccatg 4920
gcgatgcecetg cttgccgaat atcatggtgg aaaatggceg cttttcetgga ttcatcgact 4980
gtggccgget gggtgtggceg gaccgctatce aggacatagce gttggctacce cgtgatattg 5040
ctgaagagct tggcggcgaa tgggctgacce gcttectegt getttacggt atcgecgetce 5100
ccgattegca gecgcatcgece ttcectatcgcee ttettgacga gttcttctga attattaacg 5160
cttacaattt cctgatgcgg tattttctce ttacgcatct gtgcggtatt tcacaccgca 5220
tacaggtggce acttttcggg gaaatgtgcg cggaacccect atttgtttat ttttctaaat 5280
acattcaaat atgtatccgc tcatgagaca ataaccctga taaatgcttc aataatagca 5340
cgtgctaaaa cttcattttt aatttaaaag gatctaggtg aagatccttt ttgataatct 5400
catgaccaaa atcccttaac gtgagttttce gttceccactga gecgtcagacce ccgtagaaaa 5460
gatcaaagga tcttcttgag atcctttttt tcectgcgcgta atctgctget tgcaaacaaa 5520
aaaaccaccg ctaccagcegg tggtttgttt gccggatcaa gagctaccaa ctetttttece 5580
gaaggtaact ggcttcagca gagcgcagat accaaatact gtccttctag tgtagccgta 5640
gttaggccac cacttcaaga actctgtagce accgcctaca tacctcgetce tgctaatcect 5700
gttaccagtyg gctgctgcca gtggcgataa gtcgtgtctt accgggttgg actcaagacy 5760
atagttaccg gataaggcgce agcggteggg ctgaacgggg ggttegtgea cacageccag 5820
cttggagcga acgacctaca ccgaactgag atacctacag cgtgagctat gagaaagcgce 5880
cacgcttceee gaagggagaa aggcggacag gtatcceggta ageggcaggyg tceggaacagg 5940
agagcgcacg agggagcttc cagggggaaa cgcctggtat ctttatagte ctgtcecgggtt 6000
tcgccaccte tgacttgage gtcgattttt gtgatgceteg tcaggggggce ggagcectatg 6060
gaaaaacgcc agcaacgcgg cctttttacg gttcecctggge ttttgctgge cttttgctca 6120
catgttcett 6129
<210> SEQ ID NO 80
<211> LENGTH: 4437
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: 1007654 _pHCMVgO_pVAX1l (LTGA)
<400> SEQUENCE: 80
gactcttege gatgtacggg ccagatatac gegttgacat tgattattga ctagttatta 60
atagtaatca attacggggt cattagttca tagcccatat atggagttcce gcgttacata 120
acttacggta aatggcccge ctggctgacce geccaacgac ccccgeccat tgacgtcaat 180
aatgacgtat gttcccatag taacgccaat agggacttte cattgacgtce aatgggtgga 240
ctatttacgg taaactgccc acttggcagt acatcaagtyg tatcatatgce caagtacgcce 300
ccctattgac gtcaatgacg gtaaatggece cgectggeat tatgcccagt acatgacctt 360
atgggacttt cctacttggc agtacatcta cgtattagte atcgctatta ccatggtgat 420
geggttttgyg cagtacatca atgggegtgg atageggttt gactcacggg gatttccaag 480
tctecaccee attgacgtca atgggagttt gttttggcac caaaatcaac gggactttce 540
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aaaatgtcgt aacaactccg ccccattgac geaaatggge ggtaggcegtyg tacggtggga 600
ggtctatata agcagagctc tctggctaac tagagaaccce actgcttact ggettatcga 660
aattaatacg actcactata gggagaccca agctggctag cgtttaaact taagettgece 720
accatggact ggacctggat cctgttectg gtegecgetyg caactagagt gcacagegge 780
aagaaagaaa tgatcatggt caagggcatc cccaagatca tgctgctgat cagcatcace 840
tttetgetge tgagectgat caactgcaac gtgetggtea acagcaaggyg cacacggcegg 900
agctggecct acaccgtgct gagctaccgg ggcaaagaga tcectgaagaa gcagaaagag 960
gacatcctga agcggctgat gagcaccagce agcgacggcet accggttcecct gatgtacccce 1020
agccagcaga aattccacgce catcgtgatc agcatggaca agttccccca ggactacatce 1080
ctggccggac ccatccggaa cgacagcatc acccacatgt ggttcgactt ctacagcacc 1140
cagctgcegga agcccgecaa atacgtgtac agecgagtaca accacaccge ccacaagate 1200
accctgegge ctcececcecttyg cggcaccegtg cccagcatga actgcctgag cgagatgetg 1260
aacgtgtcca agcggaacga caccggegag aagggctgeg gcaacttcac caccttcaac 1320
cccatgttet tcaacgtgec ccggtggaac accaagcetgt acatcggcag caacaaagtg 1380
aacgtggaca gccagaccat ctactttctg ggectgaccg cecctgetget gegctacgece 1440
cagagaaact gcacccggtce cttctacctg gtcaacgcca tgagccggaa cctgttecgg 1500
gtgcccaagt acatcaacgg caccaagctg aagaacacca tgcggaagcet gaagcggaag 1560
caggcectgg tcaaagagca gccccagaag aagaacaaga agtcccagag caccaccace 1620
ccctacctga gctacaccac cagcaccgece ttcaacgtga ccaccaacgt gacctacage 1680
gccacageeyg cegtgaccag agtggecace tccaccaccg gectaccggec cgacagcaac 1740
ttcatgaagt ccatcatggc cacccagctg agggacctgg ccacctgggt gtacaccacc 1800
ctgcggtaca gaaacgagcce cttctgecaag cecgaccgga acagaaccge cgtgtcecgag 1860
ttcatgaaga atacccacgt gctgatccge aacgagacac cctacaccat ctacggcacc 1920
ctggacatga gcagcectgta ctacaacgag acaatgageyg tcgagaacga gacagccagce 1980
gacaacaacg aaaccacccce caccagcccce agcacceggt tecageggac cttcatcgac 2040
ccectgtggg actacctgga cagcectgetg ttectggaca agatccggaa cttcagectg 2100
cagctgeceg cctacggcaa cctgaccceee cctgaacaca gaagggccge caacctgage 2160
accctgaaca gectgtggtyg gtggetgcag tacccctacg acgtgeccga ctacgcectga 2220
tgactcgagt ctagagggcc cgtttaaacc cgctgatcag cctcgactgt gecttctagt 2280
tgccagecat ctgttgtttg ccecctcecccece gtgecttect tgaccctgga aggtgccact 2340
cccactgtece tttcectaata aaatgaggaa attgcatcge attgtctgag taggtgtcat 2400
tctattetgg ggggtggggt ggggcaggac agcaaggggg aggattggga agacaatagc 2460
aggcatgctg gggatgcggt gggctctatg gcttctactg ggcggtttta tggacagcaa 2520
gcgaaccgga attgccagct ggggcgcecct ctggtaaggt tgggaagcecc tgcaaagtaa 2580
actggatggce tttctcgecg ccaaggatct gatggcgcag gggatcaagce tcectgatcaag 2640
agacaggatg aggatcgttt cgcatgattg aacaagatgg attgcacgca ggttctcecgg 2700
ccgcttgggt ggagaggcta tteggctatg actgggcaca acagacaatc ggctgctcetg 2760
atgccgecgt gttceceggetyg tcagcecgcagg ggegccceggt tectttttgte aagaccgacce 2820
tgtcecggtge cctgaatgaa ctgcaagacg aggcagcegceg gctatcgtgg ctggcecacga 2880
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cgggcgttee ttgcgcaget gtgctcgacg ttgtcactga agcgggaagg gactggctgce 2940
tattgggcga agtgccgggg caggatctce tgtcatctca cecttgectcect gecgagaaag 3000
tatccatcat ggctgatgca atgcggcggce tgcatacgct tgatccgget acctgcccat 3060
tcgaccacca agcgaaacat cgcatcgage gagcacgtac tceggatggaa gccggtettg 3120
tcgatcagga tgatctggac gaagagcatc aggggctcege gccagccgaa ctgttcegeca 3180
ggctcaaggc gagcatgcce gacggcgagg atctegtcegt gacccatggce gatgectget 3240
tgccgaatat catggtggaa aatggccgct tttetggatt catcgactgt ggccggectgg 3300
gtgtggcgga ccgctatcag gacatagegt tggctacceg tgatattget gaagagettg 3360
gcggcgaatg ggctgaccge ttectegtge tttacggtat cgeccgcteccce gattecgecage 3420
gcatcgecett ctatcgectt cttgacgagt tcecttctgaat tattaacgcet tacaatttcece 3480
tgatgcggta ttttctceett acgcatctgt gcggtatttce acaccgcata caggtggcac 3540
ttttcgggga aatgtgcgeg gaacccectat ttgtttattt ttctaaatac attcaaatat 3600
gtatccgete atgagacaat aaccctgata aatgcttcaa taatagcacg tgctaaaact 3660
tcatttttaa tttaaaagga tctaggtgaa gatccttttt gataatctca tgaccaaaat 3720
ccettaacgt gagttttegt tcecactgage gtcagacccce gtagaaaaga tcaaaggatce 3780
ttcttgagat ccttttttte tgcgcecgtaat ctgctgcettg caaacaaaaa aaccaccgct 3840
accagcggtg gtttgtttge cggatcaaga gctaccaact ctttttccga aggtaactgg 3900
cttcagcaga gcgcagatac caaatactgt ccttctagtg tagccgtagt taggccacca 3960
cttcaagaac tctgtagcac cgcctacata cctegctetg ctaatcctgt taccagtggce 4020
tgctgccagt ggcgataagt cgtgtcttac cgggttggac tcaagacgat agttaccgga 4080
taaggcgcag cggtegggcet gaacgggggg ttegtgcaca cageccaget tggagcgaac 4140
gacctacacc gaactgagat acctacagcg tgagctatga gaaagcgcca cgcttcccga 4200
agggagaaag gcggacaggt atccggtaag cggcagggte ggaacaggag agcgcacgag 4260
ggagctteca gggggaaacg cctggtatct ttatagtcet gtegggtttce gccacctetg 4320
acttgagcgt cgatttttgt gatgctegte aggggggcegg agcctatgga aaaacgccag 4380
caacgcggcece tttttacggt tectgggett ttgctggect tttgctcaca tgttett 4437
<210> SEQ ID NO 81
<211> LENGTH: 4653
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: 1007656 _pHCMVgUL_pVAX1l (LTGA)
<400> SEQUENCE: 81
gactcttege gatgtacggg ccagatatac gegttgacat tgattattga ctagttatta 60
atagtaatca attacggggt cattagttca tagcccatat atggagttcce gcgttacata 120
acttacggta aatggcccge ctggctgacce geccaacgac ccccgeccat tgacgtcaat 180
aatgacgtat gttcccatag taacgccaat agggacttte cattgacgtce aatgggtgga 240
ctatttacgg taaactgccc acttggcagt acatcaagtyg tatcatatgce caagtacgcce 300
ccctattgac gtcaatgacg gtaaatggece cgectggeat tatgcccagt acatgacctt 360
atgggacttt cctacttggc agtacatcta cgtattagte atcgctatta ccatggtgat 420
geggttttgyg cagtacatca atgggegtgg atageggttt gactcacggg gatttccaag 480
tctecaccee attgacgtca atgggagttt gttttggcac caaaatcaac gggactttce 540
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aaaatgtcgt aacaactccg ccccattgac geaaatggge ggtaggcegtyg tacggtggga 600
ggtctatata agcagagctc tctggctaac tagagaaccce actgcttact ggettatcga 660
aattaatacg actcactata gggagaccca agctggctag cgtttaaact taagettgece 720
accatggact ggacctggat cctgttectg gtegecgetyg ctacccegggt gcacagcaga 780
ctgtgcagag tgtggctgag cgtgtgectyg tgegeegtgyg tgctgggeca gtgecagaga 840
gagacagcceyg agaagaacga ctactaccgg gtgcccecact actgggacgce ctgctctaga 900
geectgeceyg accagaccceg gtacaaatac gtggaacage tggtggacct gaccctgaac 960
taccactacg acgccagcca cggcctggac aacttcgacyg tgctgaageyg gatcaacgtg 1020
accgaggtgt ccctgetgat cagcgactte cggeggcaga acagaagagyg cggcaccaac 1080
aagcggacta ccttcaacge cgctggcagce ctggccectce acgccagatce cctggaatte 1140
agcgtgegge tgttegecaa ctatccegtac gacgtceccag actacgccag aggccggaag 1200
cggagatctce tgcggctgcet getgcggcac cacttccact gectgetget gtgtgecgtg 1260
tgggccacce cttgtetgge cagcccttgg agcaccctga cegecaacca gaaccctage 1320
ccecectggt ccaagetgac ctacagcaag ceccacgacyg ccegetacctt ctactgecca 1380
ttectgtace ccageccctec cagaagccce ctgcagttca geggcttceca gegggtgtcece 1440
accggecctyg agtgecggaa cgagacactg tacctgetgt acaaccgega gggccagace 1500
ctggtggaac ggtctagcac ctgggtcaag aaagtgatct ggtatctgag cggccggaac 1560
cagaccatce tgcagcggat gectcggacce gecagcaage ctagcgacgyg caacgtgcag 1620
atcagcegtgg aagatgccaa aatcttegge geccacatgg tgcccaagca gaccaagcetg 1680
ctgagattcg tggtcaacga cggcaccaga taccagatgt gcgtgatgaa gctggaaagc 1740
tgggcccacg tgttccggga ctacagegtg tcattccagg tccgactgac cttcaccgag 1800
gccaacaacc agacctacac cttectgcacc caccccaacce tgatcgtcta ccecttacgac 1860
gtgccagatt atgccagggg cagaaaaagg aggagcagcec ccaaggatct gaccccttte 1920
ctgaccgece tgtggetget cctgggecac agcagagtge ctagagtgeyg ggccgaggaa 1980
tgctgcgagt tcatcaacgt gaaccaccce cccgagceggdt gcectacgactt caagatgtgce 2040
aaccggttcea ccgtggetcet gagatgecce gacggcgaag tgtgctacag ccccgagaaa 2100
accgecgaga tccggggcat cgtgaccacce atgacccaca gectgaccag acaggtggtyg 2160
cataacaagc tgaccagttg caactacaac ccectgtacce tggaagccga cggecggate 2220
agatgcggca aagtgaacga caaggcccag tacctgetgg gegetgcagyg cagtgtgece 2280
tacagatgga tcaacctgga atacgacaag atcacccgga tcgtgggcct ggaccagtac 2340
ctggaaagceg tgaagaagca caagcggetg gacgtgtgece gggccaagat gggctacatg 2400
ctgcagtacc catatgacgt ccccgattac gcttgatgac tcgagtctag agggcccgtt 2460
taaacccgcet gatcagccte gactgtgect tctagttgece agceccatctgt tgtttgccce 2520
tceceegtge cttecttgac cctggaaggt gccactcecca ctgtecttte ctaataaaat 2580
gaggaaattg catcgcattg tctgagtagg tgtcattcta ttctgggggg tggggtgggy 2640
caggacagca agggggagga ttgggaagac aatagcagge atgctgggga tgcggtggge 2700
tctatggett ctactgggceg gttttatgga cagcaagcga accggaattg ccagcetgggg 2760
cgeccectetgg taaggttggg aagccctgca aagtaaactg gatggcecttte tegeccgeccaa 2820
ggatctgatg gcgcagggga tcaagctctg atcaagagac aggatgagga tcgtttegca 2880
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tgattgaaca agatggattg cacgcaggtt ctceggeege ttgggtggag

gctatgactyg ggcacaacag acaatcggcet getctgatge cgecgtgtte

cgcaggggeg cccggttett tttgtcaaga cegacctgte cggtgecctg

aagacgaggce agcgeggceta tegtggetgg ccacgacggg cgttecttge

tcgacgttgt cactgaageg ggaagggact ggctgctatt gggcgaagtg

atctecetgte atctcacctt getectgeeg agaaagtate catcatgget

ggcggetgea tacgettgat ceggctacct geccattcga ccaccaageg

tcgagegage acgtactegg atggaageeg gtettgtega tcaggatgat

agcatcaggg gctcgegeca gecgaactgt tegecagget caaggegage

gegaggatct cgtcegtgace catggegatg cctgettgee gaatatcatg

gecgetttte tggattcate gactgtggee ggetgggtgt ggeggaccge

tagcegttgge taccegtgat attgetgaag agettggegg cgaatggget

tegtgettta cggtategee getcccgatt cgcagegeat cgecttetat

acgagttctt ctgaattatt aacgcttaca atttcctgat geggtatttt

atctgtgegg tatttcacac cgcatacagg tggcactttt cggggaaatg

ccctatttgt ttatttttet aaatacattce aaatatgtat ccgctcatga

ctgataaatg cttcaataat agcacgtgct aaaacttcat ttttaattta

ggtgaagatc ctttttgata atctcatgac caaaatccct taacgtgagt

ctgagegtca gaccccgtag aaaagatcaa aggatcttet tgagatccett

cgtaatctge tgcttgcaaa caaaaaaacc accgctacca geggtggttt

tcaagagcta ccaactcttt ttecgaaggt aactggette agcagagege

tactgtcctt ctagtgtage cgtagttagg ccaccacttce aagaactctg

tacataccte gctcectgetaa tectgttace agtggetget gecagtggeg

tcttacceggg ttggactcaa gacgatagtt accggataag gegcageggt

ggggggtteg tgcacacage ccagcttgga gcgaacgacce tacaccgaac

acagcgtgag ctatgagaaa gegecacgcet tcccgaaggg agaaaggcegg

ggtaagcgge agggtcggaa caggagageg cacgagggag cttccagggg

gtatctttat agtcctgteg ggtttegeca cctetgactt gagegtegat

ctegtecaggyg gggcggagece tatggaaaaa cgccagcaac geggectttt

gggcettttge tggecttttg ctcacatgtt ctt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 82

LENGTH: 5715

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: 1028044 _pHCMV_gB_pVAX1l (LGA)

SEQUENCE: 82

gactcttege gatgtacggg ccagatatac gegttgacat tgattattga

atagtaatca attacggggt cattagttca tagcccatat atggagttcce

acttacggta aatggeccege ctggetgace geccaacgac ccccgeccat

aatgacgtat gttcccatag taacgccaat agggactttce cattgacgte

ctatttacgg taaactgcce acttggecagt acatcaagtg tatcatatge

aggctattcg

cggetgteag

aatgaactgce

gcagetgtge

c¢cggggeagy

gatgcaatgce

aaacatcgca

ctggacgaag

atgccegacyg

gtggaaaatg

tatcaggaca

gaccgettee

cgecttetty

ctccttacge

tgcgcggaac

gacaataacc

aaaggatcta

tttegtteca

tttttetgeg

gtttgccgga

agataccaaa

tagcaccgee

ataagtcgtyg

cgggctgaac

tgagatacct

acaggtatcc

gaaacgccetg

ttttgtgatg

tacggttect

ctagttatta

gegttacata

tgacgtcaat

aatgggtgga

caagtacgce

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4653

60

120

180

240

300
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ccctattgac gtcaatgacg gtaaatggece cgectggeat tatgcccagt acatgacctt 360
atgggacttt cctacttggc agtacatcta cgtattagte atcgctatta ccatggtgat 420
geggttttgyg cagtacatca atgggegtgg atageggttt gactcacggg gatttccaag 480
tctecaccee attgacgtca atgggagttt gttttggcac caaaatcaac gggactttce 540
aaaatgtcgt aacaactccg ccccattgac geaaatggge ggtaggcegtyg tacggtggga 600
ggtctatata agcagagctc tctggctaac tagagaaccce actgcttact ggettatcga 660
aattaatacg actcactata gggagaccca agctggctag cgtttaaact taagettgece 720
accatggact ggacctggat cctgttectg gtggecgetyg ccacacgggt gcacagcgag 780
agcagaatct ggtgectggt cgtgtgegtg aacctgtgea tegtgtgect gggagecgece 840
gtgtccagea gcagcacceg gggcacaagce gccacacaca gccaccacag cagccacace 900
accagegeceg cccacagecg gagcggaage gtgagcagece agegggtgac cagcagcgag 960
geegtgtecee accgggccaa cgagacaatc tacaacacca ccctgaagta cggcgacgte 1020
gtgggagtga acaccaccaa gtacccctac agagtgtgca gcatggcecca gggcaccgac 1080
ctgatcagat tcgagcggaa catcgtgtgt accagcatga agcccatcaa cgaggacctg 1140
gacgagggca tcatggtggt gtacaagaga aacatcgtgg cccacacctt caaagtgcgg 1200
gtgtaccaga aggtgctgac cttccggegg agctacgcect acatccacac cacctacctg 1260
ctgggcagca acaccgagta cgtggecect cecatgtggg agatccacca catcaacage 1320
cacagccagt gctacagcag ctacagccgce gtgatcgecg gcaccgtgtt cgtggcectac 1380
caccgggaca gctacgagaa caagaccatg cagctgatge ccgacgacta cagcaacacce 1440
cacagcacca gatacgtgac cgtgaaggac cagtggcaca gccggggaag cacctggcetg 1500
tacagagaga catgcaacct gaactgcatg gtcaccatca ccaccgccag aagcaagtac 1560
ccttaccact tcecttecgccac cagcaccggce gacgtggtgg acatcagccce cttctacaac 1620
ggcaccaacc ggaacgccag ctacttcecggce gagaacgcceg acaagttcectt catctteccce 1680
aactacacca tcgtgtccga cttceggecaga cccaacageg cccectgagac acaccggcetg 1740
gtggecttte tggaacggge cgacagegtg atcagetggg acatccagga cgagaagaac 1800
gtgacctgee agctgacctt ctgggaggct agcgagegga ccatcagaag cgaggccgag 1860
gacagctacce acttcagcag cgccaagatg accgccacct tectgagcaa gaaacaggaa 1920
gtgaacatga gcgacagcge cctggactge gtgcgggatg aggccatcaa caagcetgcag 1980
cagatcttca acaccagcta caaccagacc tacgagaagt atggcaacgt gtccgtgttce 2040
gagacaacag gcggcctggt ggtgttetgg cagggcatca agcagaagtc cctggtcgag 2100
ctggaacgge tggccaacag aagcagectg aacctgaccee accggaccaa gcggagcace 2160
gacggcaaca ataccaccca cctgagcaac atggaaagceg tccacaacct ggtgtacgec 2220
cagctgcagt tcacctacga caccctgegg ggctacatca accgggcecct ggcccagate 2280
gccgaggett ggtgtgtgga ccagcggegg accctggaag tgttcaaaga gctgagcaag 2340
atcaacccca gecgccatect gagcgccatce tacaacaagce ctatcgceccge cagattcatg 2400
ggcgacgtyge tgggectgge cagetgegtg accatcaacce agaccagegt gaaggtgcetg 2460
cgggacatga acgtgaaaga aagccccggce agatgctact ccagacccgt ggtcatctte 2520
aacttcgcca acagctcecta cgtgcagtac ggccagetgg gcgaggacaa cgagatcctg 2580
ctgggaaacce accggaccga ggaatgecag ctgcccagece tgaagatctt tatcgecgge 2640
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aacagcgcect acgagtatgt ggactacctg ttcaagcgga tgatcgacct gagcagcatce 2700
agcaccgtgg acagcatgat cgccctggac atcgaccceee tggaaaacac cgacttccgg 2760
gtgctggaac tgtacagcca gaaagagctg cggagcagca acgtgttecga cctggaagag 2820
atcatgcgceg agttcaacag ctacaagcag cgcgtgaaat acgtcgagga caaggtggtg 2880
gaccccctyge ceccectacct gaagggectg gacgacctga tgagceggect gggagetget 2940
ggcaaggceyg tgggagtgge cattggaget gtgggeggag cegtggecag cgtggtggaa 3000
ggcgtggeca cctttectgaa gaacccectte ggcgecttceca ccatcatcct ggtggctatce 3060
gccgtegtga tcatcaccta cctgatctac acccecggcage ggcggctgtg tacccagect 3120
ctgcagaacc tgttccccta ccectggtgtce gccgacggca ccaccgtgac aagcggctcece 3180
accaaggaca ccagcctgca ggccccaccece agetacgagg aatccgtgta caacagegge 3240
cggaagggee caggcecctcece tagctctgac gectctacag cegecccacce ctacaccaac 3300
gagcaggcect accagatgcet getggecctg getagactgg acgccgagca gagagcccag 3360
cagaacggaa ccgacagcct ggatggecag accggcaccece aggacaaggyg ccagaagccce 3420
aacctgcetgg accggetgceg gcacagaaag aacggctacce ggcacctgaa ggacagcgac 3480
gaagaggaaa acgtgtgatg actcgagtct agagggccceg tttaaacccg ctgatcagec 3540
tcgactgtge cttctagttyg ccagccatct gttgtttgece cctcecccegt gecttecttg 3600
accctggaag gtgccactcecce cactgtectt tcectaataaa atgaggaaat tgcatcgcat 3660
tgtctgagta ggtgtcattc tattctgggg ggtggggtgg ggcaggacag caagggggag 3720
gattgggaag acaatagcag gcatgctggg gatgcggtgg gctctatggce ttctactggg 3780
cggttttatg gacagcaagc gaaccggaat tgccagcetgg ggcgccecctet ggtaaggttg 3840
ggaagcccetyg caaagtaaac tggatggett tctcgecgec aaggatctga tggcgcaggyg 3900
gatcaagctc tgatcaagag acaggatgag gatcgtttceg catgattgaa caagatggat 3960
tgcacgcagg ttctccggec gettgggtgg agaggctatt cggctatgac tgggcacaac 4020
agacaatcgg ctgctctgat gccgecegtgt tceeggctgte agcgcagggg cgcccggtte 4080
tttttgtcaa gaccgacctyg tceccggtgcce tgaatgaact gcaagacgag gcagcgcggce 4140
tatcgtgget ggccacgacg ggcgttectt gcgcagetgt getcgacgtt gtcactgaag 4200
cgggaaggga ctggctgcta ttgggcgaag tgccggggca ggatctcecctg tcatctcacce 4260
ttgctectge cgagaaagta tccatcatgg ctgatgcaat geggcggctg catacgettg 4320
atccggcetac ctgcccattce gaccaccaag cgaaacatceg catcgagcega gcacgtacte 4380
ggatggaagc cggtcttgte gatcaggatg atctggacga agagcatcag gggctcgegce 4440
cagccgaact gttegecagg ctcaaggega geatgccega cggcgaggat ctcegtegtga 4500
cccatggcga tgcctgcttg ccgaatatca tggtggaaaa tggccgcettt tetggattca 4560
tcgactgtgg ccggectgggt gtggcggacce gctatcagga catagegttg getaccecgtg 4620
atattgctga agagcttggce ggcgaatggg ctgaccgcett cctegtgctt tacggtatcg 4680
ccgcteccga ttcecgcagege atcgecttcet atcgecttet tgacgagtte ttectgaatta 4740
ttaacgctta caatttcctg atgcggtatt ttcteccttac gecatctgtge ggtatttcac 4800
accgcataca ggtggcactt ttcggggaaa tgtgcgcgga acccctattt gtttattttt 4860
ctaaatacat tcaaatatgt atccgctcat gagacaataa ccctgataaa tgcttcaata 4920
atagcacgtg ctaaaacttc atttttaatt taaaaggatc taggtgaaga tcctttttga 4980
taatctcatg accaaaatcc cttaacgtga gttttcgttc cactgagcgt cagaccccgt 5040
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agaaaagatc aaaggatctt cttgagatcc tttttttetg cgcgtaatct getgettgcea 5100
aacaaaaaaa ccaccgctac cagcggtggt ttgtttgecg gatcaagagce taccaactct 5160
ttttccgaag gtaactggcet tcagcagage gcagatacca aatactgtcecce ttctagtgta 5220
gccgtagtta ggccaccact tcaagaactc tgtagcaccg cctacatacc tcgectctget 5280
aatcctgtta ccagtggetg ctgccagtgg cgataagtceg tgtcttaccg ggttggactce 5340
aagacgatag ttaccggata aggcgcagceg gtecgggctga acggggggtt cgtgcacaca 5400
geecagettyg gagcgaacga cctacaccga actgagatac ctacagegtg agctatgaga 5460
aagcgecacg ctteccgaag ggagaaagge ggacaggtat ceggtaageyg gcagggtcegg 5520
aacaggagag cgcacgaggg agcttccagg gggaaacgcc tggtatcttt atagtcctgt 5580
cgggtttege cacctctgac ttgagegtceg atttttgtga tgctecgtcag gggggcggag 5640
cctatggaaa aacgccagca acgcggcectt tttacggttce ctgggctttt getggcecttt 5700
tgctcacatg ttctt 5715
<210> SEQ ID NO 83
<211> LENGTH: 6075
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: 1028046_pHCMV_gHgL_pVAX1l (LGA)
<400> SEQUENCE: 83
gactcttege gatgtacggg ccagatatac gegttgacat tgattattga ctagttatta 60
atagtaatca attacggggt cattagttca tagcccatat atggagttcce gcgttacata 120
acttacggta aatggcccge ctggctgacce geccaacgac ccccgeccat tgacgtcaat 180
aatgacgtat gttcccatag taacgccaat agggacttte cattgacgtce aatgggtgga 240
ctatttacgg taaactgccc acttggcagt acatcaagtyg tatcatatgce caagtacgcce 300
ccctattgac gtcaatgacg gtaaatggece cgectggeat tatgcccagt acatgacctt 360
atgggacttt cctacttggc agtacatcta cgtattagte atcgctatta ccatggtgat 420
geggttttgyg cagtacatca atgggegtgg atageggttt gactcacggg gatttccaag 480
tctecaccee attgacgtca atgggagttt gttttggcac caaaatcaac gggactttce 540
aaaatgtcgt aacaactccg ccccattgac geaaatggge ggtaggcegtyg tacggtggga 600
ggtctatata agcagagctc tctggctaac tagagaaccce actgcttact ggettatcga 660
aattaatacg actcactata gggagaccca agctggctag cgtttaaact taagettgece 720
accatggact ggacctggat cctgttectg gtggecgetyg ctacccegggt gcacagtcga 780
cceggectge ccagcetacct gaccgtgtte gecgtgtace tgctgageca tctgeccage 840
cagagatacg gcgccgatge cgcctctgag gecctggate ctcacgectt ccatctgetg 900
ctgaacacct acggcagacc tatccggtte ctgcgcgaga acaccaccca gtgcacctac 960
aacagcagcce tgcggaacag caccgtegtg cgcgagaatg ctatcagctt caacttcette 1020
cagagctaca accagtacta cgtgttccac atgccceggt gectgttcecge cggacctetg 1080
geecgagcagt tectgaacca ggtggacctg accgagacac tggaaagata ccagcagcegg 1140
ctgaatacct acgccctggt gtccaaggac ctggccaget accggtcectt cagccagcag 1200
ctgaaggcte aggacagcect gggcgagcag cctaccaceg tgccccctece aatcgacctg 1260
agcatcccee acgtgtggat gecccececag accacaccte acggctggaa agagagccac 1320
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accaccagceg gcctgcacag accccactte aaccagacct gcattetgtt cgacggecac 1380
gacctgctgt tcagcaccgt gaccccectge ctgcaccagg gcecttctacct gatcgacgag 1440
ctgagatacg tgaagatcac cctgaccgag gatttctteg tggtcaccgt gtccatcgac 1500
gacgacaccce ccatgctgct gatcttegge catctgecte gggtgcetgtt caaggccccce 1560
taccagcggg acaacttcat cctgcggcag accgagaagce acgagctgcet ggtgetggtce 1620
aagaaggacc agctgaaccg gcactcctac ctgaaggacce ccgacttect ggacgecgece 1680
ctggacttca actacctgga cctgagcgce ctgctgagaa acagcttcca cagatacgcece 1740
gtggacgtge tgaagtccgg ccggtgccag atgctggaca gacggaccgt ggaaatggece 1800
ttecgectatg cecctggeect gtttgcecgee gcteggcagg aagaggctgg cgctgaagtg 1860
tcegtgecca gagcectgga cagacaggcece gctcectgetge agatccagga attcatgatce 1920
acctgtetga geccagaccee cectcecggace accctgetge tgtaccctac cgeccgtggat 1980
ctggecaage gggcecctgtyg gacccccaac cagatcacceg acatcacaag cctegtgegg 2040
ctggtgtaca tcctgagcaa gcagaaccag cagcacctga tcccccagtyg ggccctgaga 2100
cagatcgcecg acttecgcect gaagctgcac aagacccacce tggctagctt tetgagecgcece 2160
ttcgctagge aggaactgta cctgatgggce agectggtge actccatget ggtgcacacce 2220
accgagaggce gggaaatctt catcgtggaa accggcectgt gcagectgge cgagetgage 2280
cacttcacce agctgetgge ccacccececac cacgagtace tgagcgacct gtacacccce 2340
tgcagctcecta gecggcagacg ggatcacagce ctggaacggce tgacccgget gttecccgat 2400
gccacagtge ctgccactgt gccagcecgec ctgtceccatec tgtccaccat gcagcccagce 2460
accctggaaa cctteccega ccetgttetge ctgeccecetgg gegagagctt cagegcecctg 2520
acagtgtccg agcacgtgte ctacgtggtc accaaccagt acctgatcaa gggcatcagc 2580
taccecegtgt ccaccaccgt cgtgggecag agectgatca tcacccagac cgacagccag 2640
accaagtgceg agctgaccceg gaacatgcac accacacaca gcatcactge cgccctgaac 2700
atcagcctgg aaaactgcge cttcectgeccag tctgccecetge tggaatacga cgatacccag 2760
ggcgtgatca acatcatgta catgcacgac agcgacgacg tgctgttecgce cctggacccce 2820
tacaacgagg tggtggtgtc cagcccccgg acccactacce tgatgectget gaagaacggce 2880
accgtgetgg aagtgaccga cgtggtggtg gacgccaccg acagcagact gectgatgatg 2940
agcgtgtacg ccctgagege catcatcgge atctacctge tgtaccggat getgaaaacc 3000
tgccgeggca gaaagceggag atcctgecagg cggeccgact geggettcag cttcagecct 3060
ggccecgtga tectgetgtg gtgetgectg ctgctgcecca tegtgtecte tgcecgeegty 3120
tectgtggece ctacagecge cgagaaggtg ccagecgagt gecctgaget gaccagacgg 3180
tgtctgetgg gegaggtgtt ccagggcgat aagtacgaga gcectggcectgeg geccctggte 3240
aacgtgaccg gcagagatgg ccccctgage cagcetgatee ggtacagacce cgtgacccct 3300
gaggccgeca acagcegtgct gctggacgaa gectttcectgg acacactggce cctgctgtac 3360
aacaaccceg accagetgceg ggccctgetg acactgcetga gcagcgatac cgcccccaga 3420
tggatgaccg tgatgcgggg ctacagcgag tgcggcgacg gatctcccge cgtgtacacce 3480
tgtgtggacg acctgtgccg gggctacgac ctgaccagac tgagctacgg ccggtccatce 3540
ttcacagagc acgtgctggg cttcgagcectg gtgcccecca gectgttcaa tgtggtggtg 3600
gecatcegga acgaggccac ccggaccaac agagcagtge ggctgectgt gtecaccget 3660
gctgectecag agggcatcac cctgttctac ggcctgtaca acgccgtgaa agagttcetge 3720
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ctgagacacce agctggaccce ccccctgetg cggcacctgg acaagtacta cgccggectg 3780
ccteccgage tgaagcagac cagagtgaac ctgeccgece acagcagata cggcecctcag 3840
gccgtggacyg ccagatgatg actcgagtcect agagggccceg tttaaacccg ctgatcagece 3900
tcgactgtge cttctagttyg ccagccatct gttgtttgece cctcecccegt gecttecttg 3960
accctggaag gtgccactcecce cactgtectt tcectaataaa atgaggaaat tgcatcgcat 4020
tgtctgagta ggtgtcattc tattctgggg ggtggggtgg ggcaggacag caagggggag 4080
gattgggaag acaatagcag gcatgctggg gatgcggtgg gctctatggce ttctactggg 4140
cggttttatg gacagcaagc gaaccggaat tgccagcetgg ggcgccecctet ggtaaggttg 4200
ggaagcccetyg caaagtaaac tggatggett tctcgecgec aaggatctga tggcgcaggyg 4260
gatcaagctc tgatcaagag acaggatgag gatcgtttceg catgattgaa caagatggat 4320
tgcacgcagg ttctccggec gettgggtgg agaggctatt cggctatgac tgggcacaac 4380
agacaatcgg ctgctctgat gccgecegtgt tceeggctgte agcgcagggg cgcccggtte 4440
tttttgtcaa gaccgacctyg tceccggtgcce tgaatgaact gcaagacgag gcagcgcggce 4500
tatcgtgget ggccacgacg ggcgttectt gcgcagetgt getcgacgtt gtcactgaag 4560
cgggaaggga ctggctgcta ttgggcgaag tgccggggca ggatctcecctg tcatctcacce 4620
ttgctectge cgagaaagta tccatcatgg ctgatgcaat geggcggctg catacgettg 4680
atccggcetac ctgcccattce gaccaccaag cgaaacatceg catcgagcega gcacgtacte 4740
ggatggaagc cggtcttgte gatcaggatg atctggacga agagcatcag gggctcgegce 4800
cagccgaact gttegecagg ctcaaggega geatgccega cggcgaggat ctcegtegtga 4860
cccatggcga tgcctgcttg ccgaatatca tggtggaaaa tggccgcettt tetggattca 4920
tcgactgtgg ccggectgggt gtggcggacce gctatcagga catagegttg getaccecgtg 4980
atattgctga agagcttggce ggcgaatggg ctgaccgcett cctegtgctt tacggtatcg 5040
ccgcteccga ttcecgcagege atcgecttcet atcgecttet tgacgagtte ttectgaatta 5100
ttaacgctta caatttcctg atgcggtatt ttcteccttac gecatctgtge ggtatttcac 5160
accgcataca ggtggcactt ttcggggaaa tgtgcgcgga acccctattt gtttattttt 5220
ctaaatacat tcaaatatgt atccgctcat gagacaataa ccctgataaa tgcttcaata 5280
atagcacgtg ctaaaacttc atttttaatt taaaaggatc taggtgaaga tcctttttga 5340
taatctcatg accaaaatcc cttaacgtga gttttcgttc cactgagcgt cagaccccgt 5400
agaaaagatc aaaggatctt cttgagatcc tttttttetg cgcgtaatct getgettgcea 5460
aacaaaaaaa ccaccgctac cagcggtggt ttgtttgecg gatcaagagce taccaactct 5520
ttttccgaag gtaactggcet tcagcagage gcagatacca aatactgtcecce ttctagtgta 5580
gccgtagtta ggccaccact tcaagaactc tgtagcaccg cctacatacc tcgectctget 5640
aatcctgtta ccagtggetg ctgccagtgg cgataagtceg tgtcttaccg ggttggactce 5700
aagacgatag ttaccggata aggcgcagceg gtecgggctga acggggggtt cgtgcacaca 5760
geecagettyg gagcgaacga cctacaccga actgagatac ctacagegtg agctatgaga 5820
aagcgecacg ctteccgaag ggagaaagge ggacaggtat ceggtaageyg gcagggtcegg 5880
aacaggagag cgcacgaggg agcttccagg gggaaacgcc tggtatcttt atagtcctgt 5940
cgggtttege cacctctgac ttgagegtceg atttttgtga tgctecgtcag gggggcggag 6000
cctatggaaa aacgccagca acgcggcectt tttacggttce ctgggctttt getggcecttt 6060
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tgctcacatg

ttectt

<210> SEQ ID NO 84
<211> LENGTH: 4671

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 84

gactcttege

atagtaatca

acttacggta

aatgacgtat

ctatttacgg

ccctattgac

atgggacttt

geggttttgg

tcteccacccee

aaaatgtegt

ggtctatata

aattaatacg

gattggacct

gggcggagat

geegtettet

ggcatccatyg

agtacaccct

tcagaggtcg

tcacaggage

agcattaatg

gcagatgeceyg

ggactggcat

gecttegtgt

gtgtgctcta

aaagtgtatc

accctgggaa

agacctcacg

gggaaaatct

ctgtgecceca

cagatcttte

gtggcagecce

gagcacccaa

tgggatagac

gatagtgacyg

gatgtacggg

attacggggt

aatggccege

gttcccatag

taaactgcce

gtcaatgacyg

cctacttgge

cagtacatca

attgacgtca

aacaactccg

agcagagctce

actcactata

ggatcectgtt

gccctgaaat

ccegeggaga

tgagggtcte

gccacagagg

aaaatgtgag

caatgagcat

tgcaccatta

tcatccatge

ggacacgaca

tccccaccaa

tggaaaatac

tggagtcctt

gegatgtega

agaggaacgg

ctcatattat

aaagcatccc

tggaagtgca

tgttcttttt

cattcacttce

atgacgaagg

aggaactggt

ccagatatac

cattagttca

ctggctgace

taacgccaat

acttggcagt

gtaaatggce

agtacatcta

atgggcgtgg

atgggagttt

ccccattgac

tctggctaac

gggagaccca

tctggtggec

gatcagcgtyg

caccceegty

ccagccatcet

ggacaaccag

cgtcaacgtyg

ctacgtgtac

ccectecgec

ttcaggcaaa

gcagaaccag

agacgtggec

tcgggecace

ttgtgaagac

ggaagacctyg

cttcactgtyg

gctggatgtg

tgggctgtca

ggccattcga

cgatatcgac

acagtacagg

agctgcacag

gaccacagag

gegttgacat

tagcccatat

gcccaacgac

agggacttte

acatcaagtg

cgectggeat

cgtattagte

atagcggttt

gttttggcac

gcaaatgggce

tagagaaccc

agctggetag

getgcaacaa

ctgggeccaa

ctgecteacy

ctgattctygg

ctgcaggtge

cacaatccca

geecetgecee

gctgaacgaa

cagatgtgge

tggaaggagc

ctgcgacacyg

aagatgcagg

gtgccctety

actatgaccc

ctgtgeccaa

gectttacaa

attagcggaa

gagaccgteg

ctgetgetge

attcagggga

ggcgacgatg

cgaaaaactc
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tgattattga

atggagttcc

ccecegeccat

cattgacgtce

tatcatatge

tatgcccagt

atcgctatta

gactcacggg

caaaatcaac

ggtaggcgtg

actgcttact

cgtttaaact

gggtccacte

tttccegggea

agacaagact

tgtctcagta

agcataccta

caggcaggag

tgaaaatgct

agcaccggca

aggcacgact

cagacgtgta

tggtctgege

tcattggcga

ggaagcetgtt

ggaacccaca

agaatatgat

gtcacgagca

acctgcetgat

aactgcgaca

agagaggccc

agctggagta

acgtgtggac

ccegggtgac

ctagttatta

gegttacata

tgacgtcaat

aatgggtgga

caagtacgce

acatgacctt

ccatggtgat

gatttccaag

gggactttce

tacggtggga

ggcttatcga

taagcttatg

tgagagtcge

tgtgctgaag

getgcagact

caccccagat

cttcaccgga

tatctgtect

gaacatccct

tctgectgty

gaccgtgage

ctatactage

acatgagctyg

tcagtacgtce

catgcacgtyg

gecctttatg

cattaagcce

ttteggactyg

gaatggccag

gtacgaccca

tcagtatagt

tcggcacact

ctceggetet

¢ggaggagga

6075

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040
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gctatggcag gagcatcaac cagcgecgga cgaaagagaa aaagcgccag cagcgccaca 2100
gcatgcactyg caggcgtgat gacaaggggg cgcctgaagg cagaatccac agtcgcccect 2160
gaggaagata ctgacgagga ttctgacaac gaaatccaca atccagccgt gttcacctgg 2220
ccaccttgge aggcaggaat tcectggctcge aatctggtece ctatggtgge cactgtcecag 2280
ggacagaacc tgaagtacca ggagtttttc tgggatgcta atgacatcta tcggatttte 2340
gcagagctygyg aaggcgtgtyg gcagcecagca gectcagecaa aaaggcgecg acacagacag 2400
gacgcactge ctggaccatg tatcgcctecce accccaaaga aacatagggg ctgataactce 2460
gagtctagag ggcccgttta aacccgctga tcagecctcga ctgtgecttce tagttgecag 2520
ccatctgttg tttgccececte cccecgtgect tecttgacce tggaaggtge cactcccact 2580
gtcetttect aataaaatga ggaaattgca tcgcattgtce tgagtaggtg tcattctatt 2640
ctggggggty gggtggggca ggacagcaag ggggaggatt gggaagacaa tagcaggcat 2700
gctggggatyg cggtgggcte tatggcttet actgggcggt tttatggaca gcaagcgaac 2760
cggaattgcce agctggggceg ccctcetggta aggttgggaa geccctgcaaa gtaaactgga 2820
tggctttete geccgeccaagg atctgatgge gcaggggatc aagctctgat caagagacag 2880
gatgaggatc gtttcgcatg attgaacaag atggattgca cgcaggttct ccggccgett 2940
gggtggagag gctattcggce tatgactggg cacaacagac aatcggctgc tctgatgecg 3000
ccgtgtteeg getgtcageg caggggcgcee cggttcetttt tgtcaagacce gacctgtecg 3060
gtgccctgaa tgaactgcaa gacgaggcag cgcggctate gtggetggec acgacgggeyg 3120
ttecttgege agcectgtgete gacgttgtca ctgaagecggg aagggactgg ctgctattgg 3180
gcgaagtgcec ggggcaggat ctecctgtcat ctcaccttge tectgceccgag aaagtatceca 3240
tcatggctga tgcaatgcgg cggctgcata cgcttgatcce ggctacctge ccattcgacce 3300
accaagcgaa acatcgcatc gagcgagcac gtactcggat ggaagccggt cttgtcgatce 3360
aggatgatct ggacgaagag catcaggggce tegegccage cgaactgtte gccaggctca 3420
aggcgagcat gcccgacggce gaggatctceg tcecgtgaccca tggcgatgece tgcttgccga 3480
atatcatggt ggaaaatggc cgcttttctg gattcatcga ctgtggccgg ctgggtgtgg 3540
cggaccgcta tcaggacata gegttggcta cccgtgatat tgctgaagag cttggceggeg 3600
aatgggctga ccgcttcecte gtgctttacg gtatcgecge tecccgatteg cagcgcatceg 3660
ccttectateg cecttettgac gagttcettcet gaattattaa cgcttacaat ttectgatgce 3720
ggtattttet ccttacgcat ctgtgcggta tttcacaccg catacaggtg gcactttteg 3780
gggaaatgtg cgcggaaccce ctatttgttt atttttctaa atacattcaa atatgtatcc 3840
gctcatgaga caataaccct gataaatgcet tcaataatag cacgtgctaa aacttcattt 3900
ttaatttaaa aggatctagg tgaagatcct ttttgataat ctcatgacca aaatccctta 3960
acgtgagttt tcgttccact gagcgtcaga ccccgtagaa aagatcaaag gatcttettg 4020
agatcctttt tttctgcgeg taatctgctg cttgcaaaca aaaaaaccac cgctaccagc 4080
ggtggtttgt ttgccggatc aagagctacc aactcttttt ccgaaggtaa ctggcttcag 4140
cagagcgcag ataccaaata ctgtccttct agtgtagecg tagttaggcce accacttcaa 4200
gaactctgta gcaccgccta catacctecge tcectgctaate ctgttaccag tggcectgetge 4260
cagtggcgat aagtcgtgtce ttaccgggtt ggactcaaga cgatagttac cggataaggc 4320
gcagceggteyg ggctgaacgg ggggttegtg cacacagcece agettggage gaacgaccta 4380
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caccgaactyg
aaaggcggac
teccaggggga
gegtegattt
ggcettttta
<210> SEQ I

<211> LENGT.
<212> TYPE:

agatacctac
aggtatcegg
aacgcctggt
ttgtgatgcet

cggttectygyg
D NO 85

H: 904
PRT

agcgtgaget
taagcggcag
atctttatag
cgtcaggggg

gettttgety

atgagaaagc

ggtcggaaca

tcectgteggy

geggagecta

gecttttget

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: pHSV1-gB Amino

RE:

<400> SEQUENCE: 85

Met Arg Gln
1

Ala Leu Leu
Ser Ser Pro
35

Gly Gly Pro
50

Gly Asp Thr
65

Pro Arg Pro

Leu Arg Glu

Phe Tyr Val
115

Gln Pro Arg
130

Gly Ile Ala
145

Ala Thr Met

His Arg Tyr

Pro Phe Glu

195

Ser Thr Ala
210

Arg Asp Asp
225

Thr Arg Thr

Ser Arg Val

Val Glu Glu

275

Leu Ala Thr
290

Glu Gly Ser
305

Gly Ala Pro Ala Arg

Gly Leu Thr Leu Gly

20

Gly Thr Pro Gly Val

40

Ala Thr Pro Ala Pro

55

Lys Pro Lys Lys Asn

70

Ala Gly Asp Asn Ala

His Leu Arg Asp Ile

100

Cys Pro Pro Pro Thr

120

Arg Cys Pro Thr Arg

135

Val Val Phe Lys Glu
150

Tyr Tyr Lys Asp Val

165

Ser Gln Phe Met Gly

180

Glu Val Ile Asp Lys

200

Lys Tyr Val Arg Asn

215

His Glu Thr Asp Met
230

Ser Arg Gly Trp His

245

Glu Ala Phe His Arg

260

Val Asp Ala Arg Ser

280

Gly Asp Phe Val Tyr

295

His Thr Glu His Thr
310

Gly Arg Arg
10

Val Leu Val

Ala Ala Ala

Pro Ala Pro

Lys Lys Pro

75

Thr Val Ala

Lys Ala Glu

105

Gly Ala Thr

Pro Glu Gly

Asn Ile Ala
155

Thr Val Ser
170

Ile Phe Glu
185

Ile Asn Ala

Asn Leu Glu

Glu Leu Lys
235

Thr Thr Asp
250

Tyr Gly Thr
265

Val Tyr Pro

Met Ser Pro

Ser Tyr Ala
315

gecacgette ccgaagggag
ggagagcgea cgagggaget
tttegecace tctgacttga
tggaaaaacg ccagcaacgc

cacatgttet t

Acid Sequence

Trp Phe Val Val Trp
15

Ala Ser Ala Ala Pro
Thr Gln Ala Ala Asn
45

Gly Pro Ala Pro Thr
60

Lys Pro Pro Pro Pro
80

Ala Gly His Ala Thr
Asn Thr Asp Ala Asn
110

Val Val Gln Phe Glu
125

Gln Asn Tyr Thr Glu
140

Pro Tyr Lys Phe Lys
160

Gln Val Trp Phe Gly
175

Asp Arg Ala Pro Val
190

Lys Gly Val Cys Arg
205

Thr Thr Ala Phe His
220

Pro Ala Asn Ala Ala
240

Leu Lys Tyr Asn Pro
255

Thr Val Asn Cys Ile
270

Tyr Asp Glu Phe Val
285

Phe Tyr Gly Tyr Arg
300

Ala Asp Arg Phe Lys
320

4440

4500

4560

4620

4671



US 9,994,619 B2

269

-continued

270

Gln

Thr

Ala

Trp

Arg

385

Glu

Ala

Leu

465

Pro

Thr

Ile

Cys

Leu

545

Ala

Ala

Pro

Gln

Leu

625

Phe

Leu

Tyr

705

Thr

Val

Ala

Trp

Gln

370

Phe

Tyr

Arg

Ile

Ile

450

Arg

Pro

Thr

Gln

Glu

530

Asn

Arg

Ala

Gly

Gly

610

Thr

Thr

Gln

Asn

Thr
690

Gln

Val

Asp

Pro

Asp

355

Glu

Ser

Pro

Asp

Lys

435

Ala

Glu

Pro

Ser

Arg

515

Leu

Pro

Met

Asp

Ala

595

Pro

Arg

Phe

Leu

Ile

675

Arg

Arg

Ile

Gly

Thr

340

Trp

Val

Ser

Leu

Ala

420

Val

Tyr

His

Pro

Ser

500

His

Gln

Asn

Leu

Asn

580

Cys

Leu

Asp

Gly

Ser

660

Thr

His

Arg

His

Phe

325

Thr

Val

Asp

Asp

Ser

405

Met

Gly

Gln

Leu

Gly

485

Ile

Val

Asn

Ala

Gly

565

Val

Tyr

Val

Ala

Gly

645

Arg

Met

Glu

Asn

Ala
725

Tyr

Arg

Pro

Glu

Ala

390

Arg

Asp

Gln

Pro

Arg

470

Ala

Glu

Asn

His

Ile

550

Asp

Ile

Ser

Glu

Ile

630

Gly

Ala

Leu

Ile

Gln

710

Asp

Ala Arg Asp Leu Thr Thr Lys Ala Arg
330 335

Asn Leu Leu Thr Thr Pro Lys Phe Thr
345 350

Lys Arg Pro Ser Val Cys Thr Met Thr
360 365

Met Leu Arg Ser Glu Tyr Gly Gly Ser
375 380

Ile Ser Thr Thr Phe Thr Thr Asn Leu
395

Val Asp Leu Gly Asp Cys Ile Gly Lys
410 415

Arg Ile Phe Ala Arg Arg Tyr Asn Ala
425 430

Pro Gln Tyr Tyr Leu Ala Asn Gly Gly
440 445

Leu Leu Ser Asn Thr Leu Ala Glu Leu
455 460

Glu Gln Ser Arg Lys Pro Pro Asn Pro
475

Ser Ala Asn Ala Ser Val Glu Arg Ile
490 495

Phe Ala Arg Leu Gln Phe Thr Tyr Asn
505 510

Asp Met Leu Gly Arg Val Ala Ile Ala
520 525

Glu Leu Thr Leu Trp Asn Glu Ala Arg
535 540

Ala Ser Ala Thr Val Gly Arg Arg Val
555

Val Met Ala Val Ser Thr Cys Val Pro
570 575

Val Gln Asn Ser Met Arg Ile Ser Ser
585 590

Arg Pro Leu Val Ser Phe Arg Tyr Glu
600 605

Gly Gln Leu Gly Glu Asn Asn Glu Leu
615 620

Glu Pro Cys Thr Val Gly His Arg Arg
635

Tyr Val Tyr Phe Glu Glu Tyr Ala Tyr
650 655

Asp Ile Thr Thr Val Ser Thr Phe Ile
665 670

Glu Asp His Glu Phe Val Pro Leu Glu
680 685

Lys Asp Ser Gly Leu Leu Asp Tyr Thr
695 700

Leu His Asp Leu Arg Phe Ala Asp Ile
715

Ala Asn Ala Ala Met Phe Ala Gly Leu
730 735

Ala

Val

Lys

Phe

Thr

400

Asp

Thr

Phe

Tyr

Thr

480

Lys

His

Trp

Lys

Ser

560

Val

Arg

Asp

Arg

Tyr

640

Ser

Asp

Val

Glu

Asp
720

Gly
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272

Ala Phe Phe
Val Met Gly
755

Ser Phe Met
770

Leu Ala Gly
785

Leu Gln Ser

Leu Lys Asn

Gly Asp Phe

835

Tyr Met Ala
850

Lys Lys Gly
865

Met Arg Lys

Gly Asp Ala

<210> SEQ I
<211> LENGT.
<212> TYPE:

Glu Gly Met Gly Asp

740

Ile Val Gly Gly Val

760

Ser Asn Pro Phe Gly

775

Leu Ala Ala Ala Phe
790

Asn Pro Met Lys Ala

805

Pro Thr Asn Pro Asp

820

Asp Glu Ala Lys Leu

840

Leu Val Ser Ala Met

855

Thr Ser Ala Leu Leu
870

Arg Arg Asn Thr Asn

885

Asp Glu Asp Asp Leu

900

D NO 86
H: 2715
DNA

Leu Gly Arg
745

Val Ser Ala

Ala Leu Ala

Phe Ala Phe

795

Leu Tyr Pro
810

Ala Ser Gly
825

Ala Glu Ala

Glu Arg Thr

Ser Ala Lys
875

Tyr Thr Gln
890

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Ala Val Gly
750

Val Ser Gly
765

Val Gly Leu
780

Arg Tyr Val

Leu Thr Thr

Glu Gly Glu

830

Arg Glu Met
845

Glu His Lys
860

Val Thr Asp

Val Pro Asn

<223> OTHER INFORMATION: pHSV1-gB nucleic acid sequence

<400> SEQUENCE: 86

atgcgacagg

ctgacactgg

gcagcagcta

ccagcaccaa

cccaggecag

ctgagggaca

ggagcaactyg

aactacactg

gctaccatgt

cagttcatgg

attaacgcta

acagctttee

acaaggacta

gecttecate

gtgtaccect

tacggatata

caggtggacg

accaggaatc

gegeacctge

gagtcctggt

cccaggeage

ctggecgatac

caggagacaa

tcaaggcaga

tggtccagtt

aagggatcge

actataagga

gaatttttga

agggcgtctg

accgggacga

gtegeggetg

ggtatgggac

atgatgaatt

gggagggete

gettttatge

tgctgacaac

tcggggaaga

ggcctcagcea

aaacggcgga

caaaccaaag

tgctacagtyg

aaacacagat

tgagcagcca

tgtggtette

cgtgacagte

ggatcgegee

ccgeageace

tcatgagaca

gcacactace

aactgtgaat

tgtcctgget

tcacaccgaa

ccgggatetyg

tcccaagtte

agatggtteg

geteccaget

ccagctacce

aaaaacaaga

getgcaggee

gccaatttet

cggagatgte

aaagaaaata

tcccaagtgt

cctgtgecat

gcaaagtatg

gatatggaac

gacctgaagt

tgtatcgtgg

accggagact

catacaagtt

accacaaagg

accgtggett

tggtctgggc

ccectggaac

ctgcaccecee

aaccaaagcc

acgccactet

acgtgtgece

caacacgacc

ttgccectta

ggttcgggca

ttgaggaagt

tgcgaaacaa

tgaaaccagce

acaacccecte

aggaagtcga

tcgtgtacat

acgcagccga

caagagccac

gggattgggt

Lys Val

Val Ser

Leu Val

Met Arg

800

Lys Glu
815

Glu Gly

Ile Arg

Ala Lys

Met Val
880

Lys Asp
895

actgetgggg
tccaggagty
tgcacctgga
acccecteca
gagagagcat
tccacccaca
agagggccag
taagttcaag
caggtactct
catcgacaaa
tctggagace
aaatgccget
acgagtcgag
cgccagatee
gtcteetttt
tcgettcaaa
tgctccaact

ccctaaacgg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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274

-continued
ccaagcgtct gecaccatgac aaagtggcag gaagtggatg aaatgctgcg cagtgagtac 1140
ggaggctcat tccgatttte tagtgacgcc atcagcacca ccttcaccac caacctgacce 1200
gaatatccte tgtccagagt ggacctgggg gattgtattg gaaaagacgc tagggatgca 1260
atggaccgca tcttegctag gegctacaat gcaacacaca ttaaggtcgg ccagectcag 1320
tactatctgg caaacggggg atttctgatc gcctaccage cactgcectgte aaatactctg 1380
geecgagetgt atgtgcgcega gcatctgcga gaacagagcec ggaaacctcec aaacccaaca 1440
cceectecac cecggagcate tgccaatgct agtgtggage ggatcaagac aacttcaagce 1500
attgaattcg ccagactgca gtttacctat aaccacatcc agcggcatgt caatgacatg 1560
ctgggaagag tggcaattgc ctggtgcgag ctgcagaacc acgaactgac actgtggaat 1620
gaggcccegga agctgaacce aaatgcetatce geatcagceca ctgtgggecg acgggtcage 1680
gccagaatge tgggggatgt gatggctgtce tctacctgeg tgcccecgtegce tgcagacaac 1740
gtgatcgtec agaatagtat gagaatttcc tctaggcceg gggcctgtta cagcagacct 1800
ctggtgtect tcaggtacga ggatcaggga cctetggtgg aaggccaget gggggagaac 1860
aatgaactgc gactgacccg ggacgccatt gagccatgta cagtgggeca cagaaggtac 1920
ttcacttttg gcgggggata cgtgtatttc gaggaatacg catattcaca tcagctgagc 1980
agggccgata tcaccacagt gagcactttc atcgatctga acattaccat gctggaggac 2040
cacgaatttg tgccecctgga ggtctacacce aggcatgaga tcaaggattce cgggcetgetg 2100
gactatacag aggtgcagcg ccgaaaccag ctgcacgatc tgcgcttcecgce cgacatcgat 2160
accgtgattc atgctgacgce aaatgccgct atgtttgcag ggctgggage cttcetttgag 2220
ggaatgggygyg acctgggacg agcagtcggg aaggtggtca tgggaatcgt gggeggegtyg 2280
gtgagcgeceg tgagcggcegt cagttcattce atgtctaacc cttttggggce cctggctgtyg 2340
ggactgctgg tcecctggectgg actggcagcece getttetttg cattcecegeta cgtgatgcega 2400
ctgcagagta atcctatgaa agccctgtat ccactgacta ccaaagagct gaagaacccce 2460
accaatcctyg atgcaagcegg agagggagag gaaggcggeg actttgatga agccaaactg 2520
gcagaggcee gggaaatgat cagatacatg getcetggtgt cegcaatgga geggaccgaa 2580
cacaaggcca agaaaaaggg cacatccgcce ctgcectgtetg ctaaagtgac tgacatggtce 2640
atgcggaaga gacggaatac caattacacc caggtcccca ataaggatgg agacgccgat 2700
gaagacgatc tgtga 2715

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 87
H: 1068
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: pHSV1-gHgL

RE:

<400> SEQUENCE: 87

Met Gly Asn
1

Trp Gly Gln
Asp Gly Leu
35

Arg Leu Trp
50

Phe Leu Ala

Gly Leu Trp Phe Val

5

Val His Asp Trp Thr

20

Gly Met Asp Arg Met

40

Leu Pro Asn Thr Pro

55

Pro Pro Asp Glu Leu

Gly Val Ile
10

Glu Gln Thr
25
Tyr Trp Arg

Asp Pro Gln

Asn Leu Thr

amino acid sequence

Ile Leu Gly
Asp Pro Trp
30

Asp Thr Asn
45

Lys Pro Pro
60

Thr Ala Ser

Val Ala

15

Phe Leu

Thr Gly

Arg Gly

Leu Pro
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-continued

276

65

Leu

Ala

Tyr

Leu

145

Gly

Pro

Leu

Arg

225

Ala

Gly

Gly

Asn

305

Asp

Ala

Gly

Leu

385

Gly

Ala

Ser

Leu

Gln
465

Asp

Leu

Glu

Leu

Glu

130

Leu

Thr

Asp

Pro

Asp

210

Gly

Ser

Cys

Leu

Pro

290

Pro

Phe

Ala

Gln

Ala

370

Leu

Ala

Leu

Val

Glu
450

Ser

Ser

Arg

Phe

Leu

115

Pro

His

Phe

Asn

Pro

195

Ile

Leu

Thr

Asp

Val

275

Ala

Pro

Val

Leu

Phe

355

Glu

Ala

Val

Ala

Phe

435

Ala

Leu

Pro

Trp

Pro

100

Gly

Thr

Asn

Ser

Val

180

Arg

Thr

Leu

Trp

Ala

260

Ile

Gly

Gly

Leu

Arg

340

Leu

Gln

Thr

Cys

Gly

420

Phe

Arg

Ala

Ser

Tyr

85

Arg

Arg

Ala

Pro

Ala

165

Ala

Pro

His

Arg

Pro

245

Ala

Ser

Gln

Ala

Gly

325

Arg

Ser

Gly

Ser

Leu

405

Leu

Asn

Leu

Leu

Ala
485

70

Glu

Asp

Pro

Gln

Ala

150

Val

Thr

Pro

Leu

Ser

230

Val

Leu

Met

Thr

Leu

310

Ser

Val

Arg

Pro

Gly

390

Ser

Ala

Val

Gln

His
470

Tyr

75

Glu Arg Phe Cys Phe Val Leu Val Thr
90 95

Pro Gly Gln Leu Leu Tyr Ile Pro Lys
105 110

Pro Asn Ala Ser Leu Pro Ala Pro Thr
120 125

Pro Pro Pro Ser Val Ala Pro Leu Lys
135 140

Ala Ser Val Leu Leu Arg Ser Arg Ala
155

Pro Asp Pro Glu Ala Leu Thr Phe Pro
170 175

Ala Ser His Pro Ser Gly Pro Arg Asp
185 190

Val Gly Ala Arg Arg His Pro Thr Thr
200 205

His Asn Ala Ser Thr Thr Trp Leu Ala
215 220

Pro Gly Arg Tyr Val Tyr Phe Ser Pro
235

Gly Ile Trp Thr Thr Gly Glu Leu Val
250 255

Val Arg Ala Arg Tyr Gly Arg Glu Phe
265 270

His Asp Ser Pro Pro Val Glu Val Met
280 285

Leu Asp Arg Val Gly Asp Pro Ala Asp
295 300

Pro Gly Pro Pro Gly Gly Pro Arg Tyr
315

Leu Thr Arg Ala Asp Asn Gly Ser Ala
330 335

Gly Gly Tyr Pro Glu Glu Gly Thr Asn
345 350

Ala Tyr Ala Glu Phe Phe Ser Gly Asp
360 365

Arg Pro Pro Leu Phe Trp Arg Leu Thr
375 380

Phe Ala Phe Val Asn Ala Ala His Ala
395

Asp Leu Leu Gly Phe Leu Ala His Ser
410 415

Ala Arg Gly Ala Ala Gly Cys Ala Ala
425 430

Ser Val Leu Asp Pro Thr Ala Arg Leu
440 445

His Leu Val Ala Glu Ile Leu Glu Arg
455 460

Ala Leu Gly Tyr Gln Leu Ala Phe Val
475

Asp Ala Val Ala Pro Ser Ala Ala His
490 495

80

Thr

Thr

Thr

Gly

Trp

160

Arg

Thr

Glu

Thr

Ser

240

Leu

Met

Val

Glu

Arg

320

Leu

Tyr

Ala

Gly

Asn

400

Arg

Asp

Gln

Glu

Leu
480

Leu
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-continued

278

Ile

Pro

Pro

Arg

545

Ala

Lys

Leu

Gln

His

625

Ile

Ala

Tyr

Thr

Thr

705

Thr

Tyr

Asn

Gly
785
Ile

Thr

Phe

Gly

Leu

865

Gly

Asp

Asp

Val

Phe

530

Ser

Thr

Thr

Arg

Ala

610

Gly

Arg

Asn

Val

Gly

690

Cys

Gln

Thr

Thr

Phe

770

Thr

Ala

Ala

Phe

Trp

850

Pro

Asp

Trp

Ala

Val

515

Leu

Leu

Asn

Leu

Phe

595

Thr

Leu

Ala

Val

Val

675

Val

Glu

Asn

Pro

Gln

755

Ser

Val

Pro

Ala

Trp

835

Val

Ser

Ile

Arg

Leu

500

His

Ala

Leu

Ala

Phe

580

Asp

Arg

Ala

Phe

Glu

660

Thr

Asp

Gly

Gln

Ala

740

Gln

Ser

Ile

Gly

Leu

820

Arg

Gly

Thr

Leu

Tyr
900

Tyr

Arg

Gly

Ile

Asp

565

Trp

Leu

Ser

Ser

Val

645

Pro

His

Val

Ser

Arg

725

Gly

Gln

Asp

His

Phe

805

Ala

Arg

Leu

Glu

Lys
885

Glu

Ala

Ala

Val

Ala

550

Leu

Leu

Asp

Glu

Thr

630

Pro

Arg

Ser

Arg

Thr

710

Asp

Glu

Ile

Val

Leu

790

Leu

Gly

Glu

Ile

Tyr
870

Val

Thr

Glu Phe Leu Gly Gly Arg Val Leu Thr
505 510

Leu Phe Tyr Ala Ser Ala Val Leu Arg
520 525

Pro Ser Ala Val Gln Arg Glu Arg Ala
535 540

Ser Ala Leu Cys Thr Ser Asp Val Ala
555

Arg Thr Ala Leu Ala Arg Ala Asp His
570 575

Pro Asp His Phe Ser Pro Cys Ala Ala
585 590

Glu Ser Val Phe Ile Leu Asp Ala Leu
600 605

Thr Pro Val Glu Val Leu Ala Gln Gln
615 620

Leu Thr Arg Trp Ala His Tyr Asn Ala
635

Glu Ala Ser His Arg Cys Gly Gly Gln
650 655

Ile Leu Val Pro Ile Thr His Asn Ala
665 670

Pro Leu Pro Arg Gly Ile Gly Tyr Lys
680 685

Arg Pro Leu Phe Leu Thr Tyr Leu Thr
695 700

Arg Asp Ile Glu Ser Lys Arg Leu Val
715

Leu Gly Leu Val Gly Ala Val Phe Met
730 735

Val Met Ser Val Leu Leu Val Asp Thr
745 750

Ala Ala Gly Pro Thr Glu Gly Ala Pro
760 765

Pro Ser Thr Ala Leu Leu Leu Phe Pro
775 780

Leu Ala Phe Asp Thr Gln Pro Val Ala
795

Ala Ala Ser Ala Leu Gly Val Val Met
810 815

Ile Leu Lys Val Leu Arg Thr Ser Val
825 830

Arg Gly Arg Lys Arg Arg Ser Gly Ile
840 845

Ala Val Gly Val Leu Cys Val Arg Gly
855 860

Val Ile Arg Ser Arg Val Ala Arg Glu
875

Pro Cys Val Pro Leu Pro Ser Asp Asp
890 895

Pro Ser Ala Ile Asn Tyr Ala Leu Ile
905 910

Thr

Gln

Arg

Ala

560

Gln

Ser

Ala

Thr

Leu

640

Ser

Ser

Leu

Ala

Arg

720

Arg

Asp

Ser

Asn

Ala

800

Ile

Pro

Leu

Gly

Val

880

Leu

Asp
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ued

280

Ile Phe

915

Gly

Asp Arg His

930

Ala
945

Gly Phe

Gln Glu Thr

Leu Asp Ser

Val Asn

995

Cys
Asp
1010

Pro
1025

Pro

Pro Pr
1040

Pro

Ala Ala

1055

Th:

<210>
<211>
<212>
<213>
<220>
<223>

SEQ T
LENGT
TYPE :

FEATUI

<400> SEQUE:

atggggaacg

catgactgga

tactggcgag

cceectegeyg

ctgetgegat

cgggaccecetyg

gctagtetge

ccactgaaag

gtcacattct

gcaacagcect

gcacggagac

tggctggeta

gectcaacat

gecectggtga

agcccaccceg

ccagecgatyg

gtgtttgtee

cgcgtgggag

gcagagttet

cggetgaceyg

Leu Arg

Ala Gln

Leu Glu

Tyr

Lys

Asp

His Cys Pro

920

Gly

Ala
935

Tyr Trp Val

Leu Ser His Pro

950

Glu Thr

965

Arg
980

Lys

Phe

Leu Gly Pro Thr

Asp Asp Glu Ala

o Ile Ile

r Lys Ser

D NO 88
H: 3207
DNA

RE:

NCE: 88

ggetgtggtt
ctgaacagac
acacaaacac
ggtttectgge
ggtatgagga
gacagctget
cagcacccac
gectgetgea
cegetgtgee
ctcacccaag
atcccaccac
cteggggect
ggcctgtggg
gagccagata
tggaagtcat
aaaaccctec

tgggcagect

gctaccctga

ttagtggaga

gactgctgge

Arg

Gln

Asp Tyr

Asn

Ala

Arg

Leu Ala Leu Tyr

970
Ala Ala

Ser His

985

Ser
1000

Gly Thr Ser
1015
1030

Thr
1045

Ser Asp

Arg Arg Arg
1060

ORGANISM: Artificial Sequence

tgtcggagtg

tgatccttygyg

tggcaggctg

tccaccecgac

acgattctge

gtacatccct

aactgtcgag

caatccagca

tgacccagag

tggccccagy

agaactggat

getgagatcee

aatctggaca

c¢ggacgggag

ggtggtcect

aggggctctg

gactagggce

ggaaggcace

cgcaggaget

aacaagcggc

Leu

Asn

Ala

955

Lys

Thr

Gly Arg Thr

Gly Leu Gln Pro Lys

Pro Thr

Pro His

OTHER INFORMATION: pHSV1-gHgL nucleic

attatcctgg
ttcctggacy
tggctgecaa
gagctgaace
tttgtgetygg
aagacctatc
ccaacagcete
getteegtge
gcactgacct
gacaccccte
atcacacacc
cctgggagge
actggcgage
ttcatgggee
gecgggceaga
ccaggacccec
gacaacgggt

aattatgcce

gaacagggac

ttegecttty

Asp Thr Val
925
Phe

Pro Leu

940
Phe

Pro Ala

Glu Ile Arg

Pro Val Lys

990

Arg Thr Arg Arg Cys Val G

1005

1020

Pro Leu

1035

Pro
1050

Ser
1065

Arg

acid sequen

gegtegeatg
ggctgggaat
ataccccaga
tgaccacage
tcactaccge
tgctgggaag
agcccectee
tgctgegatce
ttcecceggygy
ctcecceggece
tgcataatge
acgtgtattt
tggtectggg
tggtcatcte
ccctggatag
ctggegggece
cecgetetgga
agttcctgte
cacgaccace

tcaacgctge

Leu Trp

Phe Val

Thr
960

Asn

Gln
975

Ala
Ala Gly

ly Arg Gln

Pro Val Leu

Thr Thr

Arg Arg Asp

Arg Leu

ce

gggacaggtg

ggatcgcatg

tcctcagaag
cagcctgeca
agaattccce
acctccaaac
atccgtggea
tcgggectygy
agataacgtyg
tccegtggga
cagcactacc
ttctececcagt
gtgtgatgca
aatgcacgac
agtgggagac
acgctaccga
tgcactgagyg
tcgegettat
cetgttttgyg

acacgccaat

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200



281

US 9,994,619 B2
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-continued
ggggccgtgt gectgteccga tcectgctggga ttcecctggcac attctaggge actggcagga 1260
ctggcagctce gecggggcagce aggatgtgct gcagacageg tgttcttcaa cgtgagegtg 1320
ctggatccca ccgcaagact gcagctggag gcaaggctge agcacctggt ggccgaaatce 1380
ctggagaggg aacagagcct ggcactgcat gccctggggt accagectgge tttegtectg 1440
gacagcccett ccgcatatga tgctgtggca ccatcecgceeg ctcacctgat tgacgctcetg 1500
tacgcagagt tcctgggegg ccgagtgctg accacaccag tggtccatag ggccctgtte 1560
tatgcctetg ctgtgctgeg ccagectttt ctggctggeg tcccaagtge agtgcagegg 1620
gaaagagcte gacggagtct gctgatcgca tcagcectgt gcacaagcga cgtggcagec 1680
gctactaacg ccgatctgcg gaccgctetg gcaagagceg accaccagaa gactctgtte 1740
tggctgeceg atcattttte ceccttgtgca gectectetge ggttcgacct ggatgagtca 1800
gtgtttatcc tggacgctct ggcacaggcce acaagaagceg agactccegt ggaagtectg 1860
gcacagcaga cacacggact ggcatccacc ctgacacgat gggcccatta caatgctcetg 1920
attcgggcat tecgtgcctga ggcttceccac agatgcggeg gacagtctge caacgtcgaa 1980
ccaaggatcc tggtgcccat tacacacaat gccagctacg tggtcactca tagccccctg 2040
cctegeggca tcgggtataa getgaccggg gtggatgtca gaaggcecctcet gtttcetgact 2100
tacctgactg ccacctgtga gggatctacc agagatattg aaagtaaaag actggtgagg 2160
acacagaacc agagggacct gggcctggtg ggggccgtet tcatgecgcta tactccaget 2220
ggcgaagtga tgagcgtgct gctggtcgac accgataata cacagcagca gatcgctgca 2280
ggcecctacceg aaggggctcee atcagtcettt agctccgacg tgccaagcac tgcecctgetg 2340
ctgttcecta acggaaccgt gatccacctg ctggectttg atacacagcce cgtggcecgcet 2400
attgcacctg gattcctgge agcaagcgcce ctgggagtgg tcatgatcac cgctgcactg 2460
gccggcatte tgaaggtcct gagaacatcc gtgccattet tttggcegecg agagagggga 2520
cgcaaacgga gatctggaat cctgggatgg gtgggactga ttgcagtggg cgtcctgtgce 2580
gtgaggggayg gcctgcccag taccgagtac gtgatccgat cacgggtege cegegaagtg 2640
ggcgatatte tgaaggtcce ctgcgtgcca ctgcccagtyg acgatctgga ctggagatac 2700
gagaccccett cagccatcaa ttatgctetg atcgatggca tttttcetgeg gtaccactge 2760
ccagggctgg acacagtgct gtgggataga catgcccaga aggcttattg ggtcaacccce 2820
ttectgtttg tggceggett cctggaggac ctgtctcacce ctgcatttece agccaatacce 2880
caggagacag aaactcggct ggctctgtac aaagaaattc gccaggcact ggattcacga 2940
aagcaggccg ctagccatac tcecctgtcaaa gccgggtgeg tgaacttcga ctattcetegg 3000
acccggeggt gegtggggag acaggatctg ggaccaacta atggaaccag cggcagaact 3060
ccegtgetge ctceccagacga tgaggctgga ctgcagecta aaccactgac tacccctcece 3120
ccaatcattg ccaccagcga ccccacaccce cgacgagatyg ctgccaccaa gtcaagacge 3180
cgacgccccce actcaagacg cctgtga 3207

<210> SEQ ID NO 89
<211> LENGTH: 911

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: pHSV1-gCgD amino acid sequence

<400> SEQUENCE: 89
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284

Met

Trp

Pro

Ser

Thr

65

Pro

Pro

Ala

Arg

Arg

145

Tyr

Glu

Asp

Ala

Pro

225

Met

Thr

Pro

Ala

Asp

305

Gly

Arg

Leu

Glu

Ala

Leu

Thr

Gly

50

Pro

Ala

Pro

Lys

Arg

130

Phe

Ser

Val

Ser

Gly

210

Thr

Tyr

Trp

His

Ala

290

Arg

Pro

Gly

Asp

Leu
370
Cys

Gly

Ser

Pro

Gly

Ile

35

Ser

Asn

Ser

Thr

Ser

115

Asp

Arg

Met

Leu

Ala

195

Pro

Gln

Tyr

Val

Ala

275

Tyr

Gln

Asp

Gln

Ser

355

Pro

Thr

Asp

Cys

Gly

Ala

20

Thr

Pro

Pro

Pro

Ser

100

Gly

Pro

Asn

Gly

Thr

180

Pro

Gly

Arg

Leu

Arg

260

Val

Tyr

Val

Gly

Val

340

Val

Arg

Ala

Asp

Asp

Arg

Gly

Ala

Gly

Asn

Pro

85

Thr

Arg

Leu

Ser

Pro

165

Asn

Asn

Ala

Leu

Ala

245

Val

Met

Pro

Phe

Phe

325

Pro

Thr

Pro

Gly

Pro
405

His

Val

Val

Gly

Ser

Asn

70

Thr

Pro

Pro

Ala

Thr

150

Ser

Ile

Leu

Asp

Ile

230

Trp

Arg

Glu

Arg

Asn

310

Thr

Pro

Phe

Thr

Cys
390

Ser

Pro

Gly

Ser

Ala

Ala

55

Val

Thr

Asp

Thr

Arg

135

Arg

Pro

Thr

Thr

Pro

215

Ile

Gly

Met

Gly

Asn

295

Pro

Thr

Arg

Ser

Ile
375
Val

Pro

Gly

Leu

Gly

Val

40

Ala

Thr

Pro

Pro

Lys

120

Tyr

Met

Pro

Ala

Asp

200

Pro

Gly

Arg

Phe

Gln

280

Pro

Gly

Val

Thr

Arg

360

Thr

Pro

Ala

Leu

Ala

Gly

25

Thr

Ser

Gln

Lys

Lys

105

Pro

Gly

Glu

Ile

Pro

185

Pro

Leu

Glu

Met

Arg

265

Pro

Val

Gln

Ser

Phe

345

Arg

Met

Glu

Ala

Ala

Val

Ser

Asn

Pro

Asn

Pro

90

Pro

Pro

Ser

Phe

Ala

170

Pro

His

Tyr

Val

Asp

250

Pro

Phe

Glu

Ile

Thr

330

Thr

Asn

Glu

Gly

Lys

410

Thr

Val

Glu

Ala

Glu

Lys

75

Thr

Lys

Gly

Arg

Arg

155

Pro

Gly

Val

Ser

Thr

235

Ser

Pro

Lys

Phe

Asp

315

Val

Cys

Ala

Phe

Val
395

Ser

Val

Leu

Thr

Ser

Val

60

Thr

Ser

Asn

Pro

Val

140

Leu

Ala

Gly

Leu

Val

220

Pro

Pro

Ser

Ala

Val

300

Thr

Thr

Gln

Thr

Gly
380
Thr

Ala

Arg

Trp

Ala

Glu

45

Thr

Thr

Thr

Asn

Val

125

Gln

Gln

Pro

Leu

Trp

205

Thr

Ala

His

Leu

Thr

285

Trp

Gln

Ser

Met

Gly

365

Val

Phe

Val

Ser

Ser

Ser

30

Ala

Pro

Pro

Pro

Thr

110

Trp

Ile

Ile

Asp

Leu

190

Ala

Gly

Thr

Glu

Thr

270

Cys

Phe

Thr

Glu

Thr

350

Leu

Arg

Ala

Thr

Thr

Leu

15

Thr

Pro

Thr

Thr

Lys

95

Thr

Cys

Arg

Trp

Leu

175

Val

Glu

Pro

Gln

Tyr

255

Leu

Thr

Glu

His

Ala

335

Trp

Ala

His

Trp

Ala
415

Leu

Leu

Gly

Thr

Ser

Glu

80

Ser

Pro

Asp

Cys

Arg

160

Glu

Tyr

Gly

Leu

Gly

240

Gly

Gln

Ala

Asp

Glu

320

Val

His

Leu

Val

Phe
400

Gln

Pro
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-continued

286

Ile

Ala

Arg

465

Ile

Gly

Ile

Ala

545

Gly

Arg

Pro

Arg

Gly

625

Trp

Tyr

Thr

Asp

Thr

705

Phe

Leu

Gly

Asn

Gly
785
Glu

Asp

Pro

Ser

Gly

450

Asp

Gly

Tyr

Arg

Leu

530

Leu

Lys

Arg

Ser

Ser

610

Ala

Phe

Thr

Gln

Asn

690

Tyr

Ile

Arg

Val

Gln

770

Pro

Thr

Ser

Pro

Tyr

435

Ile

Pro

Ile

Val

Lys

515

Phe

Ala

Asp

Val

Leu

595

Val

Ser

Arg

Glu

Pro

675

Leu

Leu

Leu

Ile

Thr

755

Arg

Lys

Pro

Ala

Asn
835

420

Asp

Pro

Thr

Gly

Val

500

Arg

Val

Asp

Leu

Tyr

580

Pro

Leu

Glu

Met

Cys

660

Arg

Gly

Arg

Glu

Pro

740

Val

Thr

Ala

Asn

Leu
820

Trp

Tyr

Val

Glu

Val

485

Arg

Arg

Val

Ala

Pro

565

His

Ile

Leu

Asp

Gly

645

Ser

Trp

Phe

Leu

His

725

Pro

Asp

Val

Pro

Ala
805

Leu

His

Ser

Leu

Arg

470

Leu

Thr

Ser

Ile

Ser

550

Val

Ile

Thr

Asn

Val

630

Gly

Tyr

Asn

Leu

Val

710

Arg

Ser

Ser

Ala

Tyr
790
Thr

Glu

Ile

425 430

Glu Tyr Ile Cys Arg Leu Thr Gly Tyr
440 445

Glu His His Gly Ser His Gln Pro Pro
455 460

Gln Val Ile Glu Ala Ile Glu Trp Val
475

Ala Ala Gly Val Leu Val Val Thr Ala
490 495

Ser Gln Ser Arg Gln Arg His Arg Arg
505 510

Gly Gly Ala Ala Ala Arg Leu Gly Ala
520 525

Val Gly Leu His Gly Val Arg Gly Lys
535 540

Leu Lys Met Ala Asp Pro Asn Arg Phe
555

Leu Asp Gln Leu Thr Asp Pro Pro Gly
570 575

Gln Ala Gly Leu Pro Asn Pro Phe Gln
585 590

Val Tyr Tyr Ala Val Leu Glu Arg Ala
600 605

Ala Pro Ser Glu Ala Pro Gln Ile Val
615 620

Arg Lys Gln Pro Tyr Asn Leu Thr Ile
635

Asn Cys Ala Ile Pro Ile Thr Val Met
650 655

Asn Lys Ser Leu Gly Ala Cys Pro Ile
665 670

Tyr Tyr Asp Ser Phe Ser Ala Val Ser
680 685

Met His Ala Pro Ala Phe Glu Thr Ala
695 700

Lys Ile Asn Asp Trp Thr Glu Ile Thr
715

Ala Lys Gly Ser Cys Lys Tyr Ala Leu
730 735

Ala Cys Leu Ser Pro Gln Ala Tyr Gln
745 750

Ile Gly Met Leu Pro Arg Phe Ile Pro
760 765

Val Tyr Ser Leu Lys Ile Ala Gly Trp
775 780

Thr Ser Thr Leu Leu Pro Pro Glu Leu
795

Gln Pro Glu Leu Ala Pro Glu Asp Pro
810 815

Asp Pro Val Gly Thr Val Ala Pro Gln
825 830

Pro Ser Ile Gln Asp Ala Ala Thr Pro
840 845

Pro

Pro

Gly

480

Ile

Arg

Val

Tyr

Arg

560

Val

Pro

Cys

Arg

Ala

640

Glu

Arg

Glu

Gly

Gln

720

Pro

Gln

Glu

His

Ser
800
Glu

Ile

Tyr
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288

His Pro Pro
850

Gly Gly Ser
865

Met Arg Arg

Ala Thr Pro Asn Asn

855

Leu Leu Ala Ala Leu
870

Arg Thr Arg Lys Ala

885

Ile Arg Glu Asp Asp Gln Pro Ser

<210> SEQ I
<211> LENGT.
<212> TYPE:

900

D NO 90
H: 2736
DNA

Met Gly Leu
Val Ile Cys
875

Pro Lys Arg
890

Ser His Gln
905

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: pHSV1-gCgD nucleic

<400> SEQUENCE: 90

atggcacceg

ggcgtgageg

accaacgect

acacccactt

cctgcaagte

acaccagacc

cctecaggac

cagatccgat

tattccatgg

aacattaccg

ccteacgtec

actggaccte

atgtactatc

gtcegeatgt

ceccttcaagy

tggtttgaag

catccagatg

ccaccccgaa

cgcaacgcaa

gtcaggcatyg

ctgggggacyg

cacccaggac

atctgtagge

cagcctecac

atcggaattg

agaacatctce

geegetgeac

aggggaaagt

ggcgegtegg

geggatcaga

cagaggctec

ctacccctaa

ccectactac

ccaagectaa

cagtgtggtg

gtceggttcag

gecettetee

ctccaccegy

tgtgggcaga

tgccaaccca

tggcttgggg

tceggeceee

ccacttgeac

acgataggca

getttaccac

ctttcacctyg

ceggactgge

tggtctgeac

atccaagtcc

tggccacagt

tgactggata

ccagagaccc

gegtgetgge

agagtcgaca

gactgggagc

acgcactgge

actggetgte

aactgcaagt

tacaagcgga

cccaaacaat

ccccaagect

aaacaataca

cgaccggaga

aaatagcaca

cecctattgec

cgggctgctg

dggagcagga

gegectgate

gegeatggat

ttcectgact

cgcagecget

ggtgttcaat

agtgagtacc

tcagatgaca

tctggtgetyg

tgceggetge

cgcagccaaa

gagatctact

tecctgeegge

cacagaaagg

tgcaggegte

gegacaccga

cgtgatcetyg

cgacgettet

gtgctgtggt

accggaccta

tcceccaggat

gtcactcaga

acaagtactc

actccegeca

gatccectgyg

aggatggagt

ccagcteeeg

gtgtacgaca

ccaggagcag

attggagagg

agcccccacyg

ctgcagecte

tactatccaa

cctggacaga

gtcacatcag

tggcaccggg

ccaagaccta

gtgcctgaag

tcagctgtga

ctgeccatcet

atcccagtge

caggtcatcg

ctggtggtca

cggagaggac

ttcgtggtca

ctgaaaatgg

Ile Ala Gly Ala Val

860

Gly Ile Val

Tyr Trp
880

Ile Arg Leu Pro His

Pro Leu Phe
910

895

Tyr

acid sequence

cactgetgty

ctatcaccge

cegecgette

ataagaccac

caaaatcacc

agagcegggey

ctceggtacgyg

ttcgectgea

atctggagga

gtgcacccaa

accctecact

tgacaccage

aatacggcac

atgcagtgat

gaaacccegt

tcgacacaca

aagcagtggg

acagcgtgac

caatcactat

gggtcacctt

ccgcacagga

cttacgatta

tggagcacca

aggccattga

ccgetategt

gaaagaggcg

ttgtgggect

ccgatceccaa

getggggget
tggcgcagty
tccagaagtyg
accaaccgag
acccaccage
ccctaccaaa
atcaagagtyg
gatctggegg
agtgctgact
tctgaccgat
gtatagcgtyg
cactcaggge
atgggtgagg
ggaggggcag
ggagttegte
gactcacgag
aggccaggte
ttttteccagy
ggagttcgge
cgettggttt
gtcetgegac
cagtgaatac

tgggtcccat

atgggtcggg

gtacgtggte

ctccggggga

gcatggggtc

tcggtteegy

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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ggcaaagacc tgcctgtgct ggaccagectg accgatccte caggcegtgceg acgggtctat 1740
cacatccagg caggactgcc taacccattc cagccccecta gectgcecccat tacagtgtac 1800
tatgctgtce tggagcgege atgccgaagce gtgctgcetga atgcaccatce cgaggcccect 1860
cagatcgtgce ggggcgccag cgaagatgtc agaaagcagce cttacaacct gaccattget 1920
tggtttagaa tgggcgggaa ttgtgcaatc ccaattacag tgatggagta cactgaatgc 1980
tcatataaca aaagcctggg agcatgtcca atccgaaccce agccacggtg gaactactat 2040
gacagcttca gcgeccgtgag cgaggataat ctggggttec tgatgcacgc acccgecttt 2100
gaaaccgcceg gaacatatct gaggctggtg aagatcaatg actggactga gatcacccag 2160
tttattctgg aacatcgcge taagggctct tgcaaatacg cactgccact gcgaattcca 2220
ccetecgect gtetgtcectee tcaggcttat cagcagggag tgaccgtcga ttcaatcggce 2280
atgctgccaa ggttcattece cgagaaccag cgcacagtgg ccgtctacag cctgaagatce 2340
gctggcectgge acgggcctaa agcaccatat acctctacac tgectgcctcece agagctgagt 2400
gaaaccccta acgcaacaca gccagagetg gcaccagagg accctgaaga ttecgcactg 2460
ctggaagacc cagtgggaac cgtcgcccct cagatccectce ccaattggca catcccatct 2520
attcaggatg ccgctacacc ataccatcca cccgccactce ccaacaatat ggggctgatt 2580
gctggagcag tgggaggcag cctgctggece geccctggtceca tetgcecggecat tgtcectattgg 2640
atgagaaggc gcacccgcaa ggcccccaaa cgaatccgece tgectcacat ccgegaggac 2700
gaccagccat cttcccacca gccactgtte tattga 2736

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 91
H: 901
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: pHSV2-gB amino

RE:

<400> SEQUENCE: 91

Met Arg Gly
1

Ala Ala Val
Val Ala Ala
35

Pro Val Pro
50

Lys Pro Pro
65

Thr Val Ala

Lys Val Glu
Gly Ala Thr
115

Pro Glu Gly
130

Asn Ile Ala
145

Thr Val Ser

Gly Gly Leu Ile Cys

5

Ala Ser Ala Ala Pro

20

Thr Val Ala Ala Asn

40

Ser Pro Ala Thr Thr

55

Lys Arg Pro Glu Ala

70

Ala Gly His Ala Thr

85

Asn Ala Asp Ala Gln

100

Val Val Gln Phe Glu

120

Gln Asn Tyr Thr Glu

135

Pro Tyr Lys Phe Lys
150

Gln Val Trp Phe Gly

165

Ala Leu Val
10

Ala Ala Pro
25

Gly Gly Pro

Lys Ala Arg

Thr Pro Pro
75

Leu Arg Ala
90

Phe Tyr Val
105

Gln Pro Arg

Gly Ile Ala

Ala Thr Met
155

His Arg Tyr
170

acid sequence

Val Gly Ala

Arg Ala Ser
30

Ala Ser Gln
45

Lys Arg Lys
60

Pro Asp Ala

His Leu Arg

Cys Pro Pro
110

Arg Cys Pro
125

Val Val Phe
140

Tyr Tyr Lys

Ser Gln Phe

Leu Val

15

Gly Gly

Pro Pro

Thr Lys

Asn Ala

Glu Ile

95

Pro Thr

Thr Arg

Lys Glu

Asp Val

160

Met Gly
175
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Ile

Ile

Asn

Glu

225

Thr

Tyr

Met

Ser

305

Asp

Leu

Pro

Arg

Thr

385

Leu

Phe

Tyr

Ser

Asp

465

Ser

Phe

Asp

Glu

Ala
545

Arg

Phe

Asn

Met

210

Leu

Thr

Gly

Tyr

Ser

290

Tyr

Leu

Thr

Ala

Ala

370

Thr

Gly

Ala

Tyr

Asn

450

Arg

Ala

Ala

Met

Leu

530

Ser

Met

Gln

Pro

Glu

Ala

195

Glu

Lys

Asp

Thr

Pro

275

Pro

Ala

Thr

Thr

Val

355

Glu

Phe

Asp

Arg

Leu

435

Thr

Lys

Asn

Arg

Leu

515

Thr

Ala

Ala

Asn

Leu

Asp

180

Lys

Thr

Pro

Leu

Thr

260

Tyr

Phe

Ala

Thr

Pro

340

Cys

Tyr

Thr

Cys

Lys

420

Ala

Leu

Pro

Ala

Leu

500

Gly

Leu

Thr

Val

Ser
580

Val

Arg

Gly

Thr

Ala

Lys

245

Val

Asp

Tyr

Asp

Lys

325

Lys

Thr

Gly

Thr

Ile

405

Tyr

Thr

Ala

Arg

Ser

485

Gln

Arg

Trp

Val

Ser
565

Met

Ser

Ala

Val

Ala

Lys

230

Tyr

Asn

Glu

Gly

Arg

310

Ala

Phe

Met

Gly

Asn

390

Gly

Asn

Gly

Glu

Asn

470

Val

Phe

Ile

Asn

Gly
550
Thr

Arg

Phe

Pro

Cys

Phe

215

Val

Asn

Cys

Phe

Tyr

295

Phe

Arg

Thr

Thr

Ser

375

Leu

Arg

Ala

Gly

Leu

455

Ala

Glu

Thr

Ala

Glu

535

Arg

Cys

Val

Arg

Val

Arg

200

His

Ala

Pro

Ile

Val

280

Arg

Lys

Ala

Val

Lys

360

Phe

Thr

Asp

Thr

Phe

440

Tyr

Thr

Arg

Tyr

Val

520

Ala

Arg

Val

Ser

Tyr

Pro

185

Ser

Arg

Thr

Ser

Val

265

Leu

Glu

Gln

Thr

Ala

345

Trp

Arg

Glu

Ala

His

425

Leu

Val

Pro

Ile

Asn

505

Ala

Arg

Val

Pro

Ser
585

Glu

Phe

Thr

Asp

Arg

Arg

250

Glu

Ala

Gly

Val

Ser

330

Trp

Gln

Phe

Tyr

Arg

410

Ile

Ile

Arg

Ala

Lys

490

His

Trp

Lys

Ser

Val
570

Arg

Asp

Glu

Ala

Asp

Thr

235

Val

Glu

Thr

Ser

Asp

315

Pro

Asp

Glu

Ser

Ser

395

Glu

Lys

Ala

Glu

Pro

475

Thr

Ile

Cys

Leu

Ala

555

Ala

Pro

Gln

Glu

Lys

His

220

Ser

Glu

Val

Gly

His

300

Gly

Thr

Trp

Val

Ser

380

Leu

Ala

Val

Tyr

Tyr

460

Leu

Thr

Gln

Glu

Asn

540

Arg

Pro

Gly

Gly

Val

Tyr

205

Glu

Arg

Ala

Asp

Asp

285

Thr

Phe

Thr

Val

Asp

365

Asp

Ser

Ile

Gly

Gln

445

Met

Arg

Ser

Arg

Leu

525

Pro

Met

Asp

Thr

Pro

Ile

190

Val

Thr

Gly

Phe

Ala

270

Phe

Glu

Tyr

Arg

Pro

350

Glu

Ala

Arg

Asp

Gln

430

Pro

Arg

Glu

Ser

His

510

Gln

Asn

Leu

Asn

Cys
590

Leu

Asp

Arg

Asp

Trp

His

255

Arg

Val

His

Ala

Asn

335

Lys

Met

Ile

Val

Arg

415

Pro

Leu

Glu

Ala

Ile

495

Val

Asn

Ala

Gly

Val
575

Tyr

Ile

Lys

Asn

Met

His

240

Arg

Ser

Tyr

Thr

Arg

320

Leu

Arg

Leu

Ser

Asp

400

Met

Gln

Leu

Gln

Pro

480

Glu

Asn

His

Ile

Asp

560

Ile

Ser

Glu



US 9,994,619 B2
293 294
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595 600 605

Gly Gln Leu Gly Glu Asn Asn Glu Leu Arg Leu Thr Arg Asp Ala Leu
610 615 620

Glu Pro Cys Thr Val Gly His Arg Arg Tyr Phe Ile Phe Gly Gly Gly
625 630 635 640

Tyr Val Tyr Phe Glu Glu Tyr Ala Tyr Ser His Gln Leu Ser Arg Ala
645 650 655

Asp Val Thr Thr Val Ser Thr Phe Ile Asp Leu Asn Ile Thr Met Leu
660 665 670

Glu Asp His Glu Phe Val Pro Leu Glu Val Tyr Thr Arg His Glu Ile
675 680 685

Lys Asp Ser Gly Leu Leu Asp Tyr Thr Glu Val Gln Arg Arg Asn Gln
690 695 700

Leu His Asp Leu Arg Phe Ala Asp Ile Asp Thr Val Ile Arg Ala Asp
705 710 715 720

Ala Asn Ala Ala Met Phe Ala Gly Leu Cys Ala Phe Phe Glu Gly Met
725 730 735

Gly Asp Leu Gly Arg Ala Val Gly Lys Val Val Met Gly Val Val Gly
740 745 750

Gly Val Val Ser Ala Val Ser Gly Val Ser Ser Phe Met Ser Asn Pro
755 760 765

Phe Gly Ala Leu Ala Val Gly Leu Leu Val Leu Ala Gly Leu Val Ala
770 775 780

Ala Phe Phe Ala Phe Arg Tyr Val Leu Gln Leu Gln Arg Asn Pro Met
785 790 795 800

Lys Ala Leu Tyr Pro Leu Thr Thr Lys Glu Leu Lys Thr Ser Asp Pro
805 810 815

Gly Gly Val Gly Gly Glu Gly Glu Glu Gly Ala Glu Gly Gly Gly Phe
820 825 830

Asp Glu Ala Lys Leu Ala Glu Ala Arg Glu Met Ile Arg Tyr Met Ala
835 840 845

Leu Val Ser Ala Met Glu Arg Thr Glu His Lys Ala Arg Lys Lys Gly
850 855 860

Thr Ser Ala Leu Leu Ser Ser Lys Val Thr Asn Met Val Leu Arg Lys
865 870 875 880

Arg Asn Lys Ala Arg Tyr Ser Pro Leu His Asn Glu Asp Glu Ala Gly
885 890 895

Asp Glu Asp Glu Leu
900

<210> SEQ ID NO 92

<211> LENGTH: 2706

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pHSV2-gB nucleic acid sequence

<400> SEQUENCE: 92

atgagaggcg gaggactgat ctgtgcactg gtegteggag cactggtege tgetgtegea 60
tctgetgece cecgeegeace cegggecage ggeggggtgg cagetacegt cgcagcaaac 120
ggaggcccag catctcagec cectccagtyg ccaagtcceg ctaccacaaa ggcacgcaag 180
cgaaaaacca agaaaccccece taaacgacca gaggcaacac cacccectga cgcaaacgcet 240

actgtggetyg caggacacge caccctgega getcatctga gagagatcaa ggtcgaaaat 300
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gcagatgcee agttctacgt gtgeccacce cctacaggag ccactgtggt ccagtttgag 360
cagceccgga gatgtcecaac tagacccgag gggcagaact acaccgaagyg aatcgecgtg 420
gtecttcaagyg aaaacatcge accttacaag tttaaagcca caatgtacta caaagacgtg 480
actgtctcce aagtgtggtt cggccacaga tactctcagt tcatggggat ttttgaggac 540
agggcccctyg tgccatttga ggaagtcatc gataagatta atgcaaaagyg cgtctgcaga 600
agcacagcca agtatgtgag gaacaatatg gaaactaccyg ccttccacag ggacgatcat 660
gagactgaca tggaactgaa gccagctaaa gtggcaacca ggacaagccg cggatggcac 720
acaactgatc tgaaatacaa ccccteecgg gtggaggect tcecatagata tggcaccaca 780
gtgaattgta tcgtggagga agtcgatgcce cgctcegtgt acccctatga cgaatttgte 840
ctggctaceg gegatttegt gtacatgtet cetttttacyg gatataggga gggcagccac 900
accgaacata catcctacgce cgctgaccge ttcaagcagg tggatgggtt ttatgeccge 960
gacctgacta ccaaagcccg ggccaccagce ccaacaactce gaaacctget gaccacacct 1020
aagttcacag tggcttggga ctgggtccct aagcggccag cagtctgcac tatgaccaaa 1080
tggcaggaag tggacgaaat gctgcgagca gagtacggeg gcagettecg gttcagcage 1140
gatgctattt caactacctt tacaactaat ctgaccgagt atagcctgtc cagagtggac 1200
ctgggggatt gtatcggacg agatgcccgg gaagctattg acaggatgtt cgcccgcaag 1260
tacaacgcta ctcacatcaa agtgggccag cctcagtact atctggctac cggcgggttt 1320
ctgattgcat atcagccact gctgtccaat acactggcecg agctgtacgt gcgagagtat 1380
atgcgggaac aggacagaaa gccaaggaac gcaaccccag cccectetgeyg agaagcacce 1440
tcagccaatg ctagcgtgga gcggatcaaa accacatcta gtattgaatt cgctagactg 1500
cagtttacct acaaccacat ccagagacat gtcaatgata tgctgggcag gattgcagtg 1560
gcctggtgeg agectgcagaa ccatgaactg actctgtgga atgaggcccg gaagctgaac 1620
cctaatgcta tcgcatcage caccgtggge cggegggtga gegecagaat gcetgggegac 1680
gtgatggcag tctctacatg cgtgccegte geccctgata acgtgattgt ccagaatagt 1740
atgagagtgt caagcaggcc tggcacctgt tacagtaggc cactggtgtce attccgctat 1800
gaagaccagyg gacctctgat cgagggacag ctgggagaga acaatgaact gcgectgaca 1860
cgagatgccce tggagccatg cactgtgggce caccgacggt atttcatttt tggaggcggg 1920
tacgtgtatt tcgaggaata cgcttattce catcagetgt ctagggcaga cgtgactacc 1980
gtcagtacct tcatcgacct gaacattaca atgctggagg atcacgaatt tgtgccectg 2040
gaggtctaca cacgccatga aatcaaggac agcggactgc tggattatac tgaggtgcag 2100
agaaggaacc agctgcacga cctgcgctte gccgacatcg atacagtgat tcegggctgat 2160
gcaaatgcag ccatgtttgc aggcctgtgce gecttetttg agggaatggg cgatctggga 2220
cgagcagtgg ggaaagtggt catgggggtg gtcggaggcg tggtctctge tgtgagtgga 2280
gtctecctett tcatgagcaa cccttttgga geccctggcetyg tgggactget ggtectggea 2340
ggcetggtgg ccgcattcett tgctttcaga tacgtgctge agctgcagag gaatccaatg 2400
aaggcectgt atccectgac aactaaggag ctgaaaacct ccgacccagyg gggagtggge 2460
ggggagggag aggaaggggc agagggcggce ggctttgatg aggcaaaget ggcagaggece 2520
cgcgaaatga tccgatacat ggctctggtyg tcagcaatgg agcgaaccga acacaaagcce 2580
cggaagaaag gcaccagcgce cctgctgagt tcaaaagtga ctaacatggt cctgeggaaa 2640
agaaacaaag cccgctattc cccactgecat aatgaggatg aagccggcga tgaggacgaa 2700
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298

ctgtga

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Met Gly Pro

1

Gly

Arg

Arg

65

Met

Ala

Tyr

Ala

Leu

145

Gly

Pro

Leu

Arg

225

Ala

Gly

Gly

Asn
305

Asp

Gly

Gly

Leu

50

Leu

Leu

Glu

Leu

Gly

130

Ser

Thr

Asp

Pro

Ser

210

Gly

Ser

Cys

Leu

Pro
290
Ala

Phe

Ala

His

Leu

35

Trp

Ala

Arg

Phe

Leu

115

Pro

His

Phe

Asp

Pro

195

Ile

Leu

Thr

Asp

Val

275

Ala

Pro

Val

Leu

Gly

Asp

20

Gly

Leu

Pro

Trp

Pro

100

Gly

Thr

Asn

Ala

Gly

180

Gly

Ala

Leu

Trp

Ala

260

Ile

Asp

Ala

Leu

Arg
340

SEQ ID NO 93
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: pHSV2-gHgL

1068

93

Leu

Thr

Leu

Pro

Pro

Tyr

85

Arg

Arg

Ser

Pro

Ala

165

Ala

Pro

His

Arg

Pro

245

Ala

Ser

Lys

Val

Gly

325

Arg

Trp

Tyr

Ala

Asn

Gly

70

Ala

Asp

Pro

Arg

Gly

150

Ala

Thr

Pro

Leu

Thr

230

Val

Leu

Met

Thr

Leu
310

Ala

Val

Val

Trp

Arg

Thr

55

Glu

Glu

Pro

Arg

Pro

135

Ala

Pro

Glu

Ala

His

215

Pro

Gly

Val

Arg

Leu
295
Pro

Pro

Ala

Val

Thr

Thr

40

Pro

Leu

Arg

Gly

Asn

120

Pro

Ser

Asp

Arg

Gly

200

Asn

Gly

Val

Arg

Asp

280

Ala

Gly

Thr

Gly

Met

Glu

25

Tyr

Asp

Asn

Phe

Gln

105

Ala

Ala

Ala

Arg

His

185

Thr

Ala

Arg

Trp

Ala

265

Ser

Arg

Pro

Pro

Tyr
345

amino acid sequence

Gly

Gln

Trp

Ala

Leu

Cys

90

Leu

Ser

Glu

Leu

Glu

170

Pro

Pro

Ser

Tyr

Thr

250

Arg

Pro

Val

Pro

Ala

330

Pro

Val

Ile

Arg

Ser

Thr

75

Phe

Leu

Leu

Val

Leu

155

Gly

Asp

Arg

Val

Val

235

Thr

Tyr

Pro

Gly

Ala
315

Asp

Glu

Leu

Asp

Asp

Asp

60

Thr

Val

Tyr

Pro

Thr

140

Arg

Leu

Gly

His

Thr

220

Tyr

Gly

Gly

Ala

Asn
300
Gly

Asn

Glu

Val

Pro

Thr

45

Pro

Ala

Leu

Ile

Glu

125

Gln

Ser

Thr

Arg

Pro

205

Trp

Leu

Gly

Lys

Glu

285

Pro

Pro

Gly

Ser

Gly

Trp

30

Asn

Gln

Ser

Val

Pro

110

Leu

Leu

Arg

Phe

Arg

190

Thr

Leu

Ser

Leu

Gly

270

Ile

Thr

Arg

Ser

Thr
350

Val

Phe

Thr

Arg

Val

Thr

95

Lys

Pro

Lys

Ala

Pro

175

Asn

Thr

Ala

Pro

Ala

255

Phe

Ile

Asp

Tyr

Ala

335

Asn

Ala

Leu

Gly

Gly

Pro

80

Thr

Thr

Glu

Gly

Trp

160

Arg

Ala

Asn

Ala

Ser

240

Phe

Met

Val

Glu

Arg
320

Leu

Tyr
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300

Ala

Gly

Leu

385

Asp

Ser

Leu

Gln

465

Asp

Ile

Pro

Pro

Arg

545

Ala

Lys

Leu

Met

Arg

625

Ile

Tyr

Thr

Thr

705

Thr

Tyr

Ala

Gln

Ser

370

Leu

Ala

Leu

Val

Glu

450

Ser

Ser

Asp

Met

Phe

530

Gly

Thr

Asn

Arg

Ala

610

Gly

Arg

Asn

Val

Gly

690

Cys

Glu

Thr

Thr

Phe

Tyr

355

Gly

Ala

Ile

Ala

Phe

435

Ala

Leu

Pro

Ala

Val

515

Leu

Leu

His

Leu

Phe

595

Thr

Val

Ala

Ala

Val

675

Val

Glu

Asn

Pro

Gln
755

Ser

Met

Thr

Ser

Arg

Gly

420

Leu

Arg

Val

Ala

Leu

500

Arg

Ala

Leu

Ala

Phe

580

Asp

Arg

Ala

Phe

Glu

660

Thr

Asp

Gly

Arg

Ala
740

Gln

Ser

Ser

Asp

Ser

Leu

405

Leu

Asn

Leu

Ala

Ala

485

Tyr

Arg

Gly

Ile

Asp

565

Trp

Leu

Ser

Ser

Val

645

Pro

His

Val

His

Arg

725

Gly

Gln

Asp

Arg

Ala

Gly

390

Ser

Ala

Val

Gly

His

470

Tyr

Ala

Ala

Ala

Thr

550

Leu

Leu

Ala

Asp

Val

630

Pro

Arg

Thr

Arg

Ala

710

Asp

Glu

Leu

Val

Ala

Arg

375

Phe

Asp

Ala

Ser

His

455

Ala

Gly

Glu

Leu

Pro

535

Thr

Arg

Pro

Glu

Ile

615

Leu

Glu

Ile

Pro

Arg

695

Arg

Leu

Val

Ala

Pro

Tyr

360

Pro

Ala

Leu

Arg

Val

440

Leu

Leu

Ala

Phe

Phe

520

Ser

Ala

Ala

Asp

Gly

600

Pro

Thr

Ala

Leu

Leu

680

Pro

Glu

Gly

Met

Gln
760

Ser

Ala

Ser

Phe

Leu

Gly

425

Leu

Val

Gly

Val

Leu

505

Tyr

Ala

Leu

Ala

His

585

Gly

Ala

Arg

Thr

Val

665

Pro

Leu

Ile

Leu

Ser
745

Gly

Val

Glu

Leu

Val

Gly

410

Ala

Asp

Ala

Tyr

Ala

490

Gly

Ala

Glu

Cys

Leu

570

Phe

Phe

Asp

Trp

His

650

Pro

Arg

Phe

Glu

Val
730
Val

Pro

Ala

Phe

Phe

Asn

395

Phe

Ala

Pro

Ala

Gln

475

Pro

Gly

Thr

Gln

Thr

555

Ala

Ser

Ile

Val

Ala

635

Gln

Ile

Gly

Ile

Pro

715

Gly

Leu

Val

Leu

Leu

Trp

380

Ala

Leu

Gly

Ala

Ile

460

Leu

Ser

Arg

Ala

Arg

540

Ser

Arg

Pro

Leu

Met

620

His

Cys

Thr

Ile

Thr

700

Lys

Ala

Leu

Ala

Leu

Gly

365

Arg

Ala

Ala

Cys

Ala

445

Leu

Ala

Ala

Ala

Val

525

Glu

Asp

Thr

Cys

Asp

605

Ala

Tyr

Ser

His

Gly

685

Tyr

Arg

Val

Val

Gly
765

Leu

Glu

Leu

His

His

Ala

430

Arg

Glu

Phe

Ala

Leu

510

Leu

Arg

Val

Asp

Ala

590

Ala

Gln

Asn

Gly

Asn

670

Tyr

Leu

Leu

Phe

Asp
750

Thr

Phe

Asp

Ala

Ala

Ser

415

Ala

Leu

Arg

Val

Arg

495

Thr

Arg

Ala

Ala

His

575

Ala

Leu

Gln

Ala

Pro

655

Ala

Lys

Thr

Val

Leu

735

Thr

Pro

Pro

Pro

Gly

His

400

Arg

Asp

Arg

Glu

Leu

480

Leu

Ala

Ala

Arg

Ala

560

Gln

Ser

Ala

Thr

Leu

640

Ser

Ser

Leu

Ala

Arg

720

Arg

Asp

Asn

Asn
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770

Gly Thr Val
785

Ile Ala Pro

Thr Ala Ala

Phe Leu Trp

835

Cys Leu Phe
850

Ser Gln Ala
865

Gly Asp Ile

Ser Trp Arg

Gly Ile Phe

915

Asp Arg His
930

Ala Gly Phe
945

Gln Glu Thr

Leu Gly Ser

Cys Val Asn
995

Asp Leu Ar
1010

Ile His L
7

Gly Phe L
805

Leu Ala G
820

Arg Arg G

Gly Leu V.

Thr Glu T
8

Leu Arg V
885

775

eu Leu Ala
90

eu Ala Ala

ly Ile Leu

lu Arg Gly

840

al Val Met
855

vr Val Leu
70

al Pro Cys

Tyr Glu Ala Pro Ser

900

Leu Arg T

yr His Cys
920

Ala Gln Arg Ala Tyr

935

Leu Glu Asp Leu Ser

9

50

Thr Thr Arg Arg Ala

965

Arg Lys G
980

Phe Asp T

g Pro Ala

Ser Ser Asp Asp Glu

1025

Gln Pro Pr
1040

Ser Pro Th
1055

<210> SEQ I
<211> LENGT.
<212> TYPE:

o Val Leu

r Arg Gly

D NO 94
H: 3207
DNA

1n Ala Val

Phe Asp Thr
795

Ser Ala Leu
810

Arg Val Val
825

Arg Lys Arg

Gly Ala Trp

Arg Ser Val

875

Met Arg Thr
890

Val Ile Asp
905

Pro Gly Leu

Leu Val Asn

His Ser Val

955

Leu Tyr Lys
970

Ser His Ala
985

780

Leu Pro Ile

Gly Val Val

Arg Thr Cys

830

Arg Ser Gly
845

Gly Ala Trp
860

Ile Ala Lys

Pro Ala Asp

Tyr Ala Arg

910

Asp Thr Phe
925

Pro Phe Leu
940

Phe Pro Ala

Glu Ile Arg

Pro Val Arg
990

vr Ser Arg Thr Arg Arg Cys Val G

1000

Asn Thr Th
1015

Ala Ser Se
1030

Ala Leu Se
1045

Arg Arg Ar
1060

1005

r Ser Thr Trp Glu Pro

1020

Ala Thr
800

Met Ile
815

Val Pro

Phe Val

Gly Gly

Glu Val

880

Asp Val
895

Ile Asp

Leu Trp

Phe Ala

Asp Thr

960
Asp Ala
975
Ala Gly

ly Arg Arg

Pro Val

r Gln Ser Lys Pro Leu Ala Thr

1035

r Asn Ala Pro Pro Arg Arg Val

1050

g His Thr Arg Leu Arg Arg Asn

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: pHSV2-gHgL nucleic

<400> SEQUENCE: 94

atggggcctg

acatactgga

tactggegeg

ccacagaggg

atgctgegat

agggatcceg

gectcactge

gactgtgggt

ctgaacagat

acaccaacac

geegectgge

ggtatgctga

gecagetget

ctgagetgec

cgtgatggga

tgatccttygyg

aggcaggctg

tccecectgga

geggttetge

gtacatccce

agaagctgga

gtgctggteg

tttctgcaty

tggctgececa

gagctgaace

tttgtgetgy

aagacctatc

cctaccagec

1065

acid sequen

gegtggetgg
gactgggect
atactcctga
tgaccacage
tcactaccge
tgctggggcyg

geccacecege

ce

agggcatgat

ggccaggaca

cgcatctgat

aagtgtgecce

cgaattccca

acctcgaaac

agaggtgaca

60

120

180

240

300

360

420
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-continued
cagctgaaag gactgagcca caatccagge gectetgete tgctgagaag tagggectgg 480
gtgacctteg cecgetgcace agaccgagag ggactgacct tteccegggg cgacgatgga 540
gccacagaaa gacaccctga tgggeggaga aatgcccecte cacccggecc tcecagcetgga 600
acccecagge atcctacaac taacctgtca atcgeccace tgcataatge tagegtgact 660
tggctggcag ccagaggcect getgcgaacce ccaggaagat acgtgtatct gagtccectca 720
gecagcacct ggectgtggg agtctggace acaggeggge tggecttegg ctgtgacgea 780
geectggtyge gegetecgata cgggaaggge ttcatgggee tggtcattag catgagagat 840
agcccteceg ccgagatcat tgtggtecce gecagacaaaa ctetggcecag ggtggggaac 900
cctaccgatg aaaatgcacc agccgtectg ccaggaccac ccgcaggacce acggtataga 960
gtgtttgtee tgggagctce aactcccgca gacaacggcet ccgcactgga tgcactgagg 1020
cgcgtggcag gatacccaga ggaatccacce aattacgcetc agtatatgte tegggcttat 1080
gcagagttce tgggagaaga ccctggaagce ggaacagatg cacgaccatc cctgttttgg 1140
agactggcag gactgctggce tagctccgga ttegectttg tgaacgctge acacgctcat 1200
gacgcaatca gactgagtga tctgctgggg ttcecctggcac actcacgegt gctggctgga 1260
ctggcagctce ggggcgcagce aggatgcgct gcagactcecg tgtttctgaa cgtgagegtg 1320
ctggatccag cagctaggct gecgactggag gcaagactgg gacacctggt ggcagecate 1380
ctggagaggg aacagagcct ggtcgcccat gctetggggt accagectgge cttegtgetg 1440
gactctceeg ctgcatatgg agcagtcegca cctagtgceg ctcgactgat tgatgcectg 1500
tacgctgaat ttctgggagg ccgggcactg accgcaccta tggtgcgacg ggccctgtte 1560
tatgctacag cagtcctgeg cgctccattt ctggcaggag ctccatccge agagcagcga 1620
gaacgagcaa gaaggggcct gctgatcact accgcectgt gcacatctga cgtggcagec 1680
gctactcacyg cagatctgag agcagccctg gecaggaccg accaccagaa gaacctgtte 1740
tggctgectg atcattttte accatgtgct gcaagcctge gattcgacct ggcagagggce 1800
ggcttcatece tggatgcact ggccatggct acacggagtg acattcccgce agatgtgatg 1860
gcccagcaga caagaggagt ggcctcagtce ctgactagat gggctcatta caatgcactg 1920
atccgegect tegtgcectga ggccacacac cagtgcagtg ggccatcaca taacgctgaa 1980
ccecggatcee tggtgcectat tactcacaat gcecctectacg tggtcactca tacccectcetg 2040
ccaagaggaa ttggctataa gctgacagga gtggacgtgc ggcggcccct gttcatcact 2100
tacctgacag ctacttgtga gggccacgca agggagattg aaccaaaacg cctggtgcga 2160
accgaaaacc ggagagatct gggactggtg ggcgccgtet ttcectgecgcta tacacccgcet 2220
ggcgaagtga tgagcgtgcet getggtcgac accgatgceca cacagcagca gctggctcag 2280
ggaccagtgg caggaaccce caacgtcectte tctagtgacg tgccaagegt ggccecctgetg 2340
ctgttcccca atggcacagt gatccacctg ctggectttg atactctgece tatcgctacce 2400
attgcaccag ggttcctgge agcecttcecgcee ctgggagtgg tcatgatcac tgcagccctg 2460
gcaggaattc tgcgagtggt cagaacctgc gtgceccttte tgtggaggcg cgagagagga 2520
aggaagcgac ggtctggcett cgtgtgectg tttggecctgg tggtcatggg agcatgggga 2580
gcttggggeyg ggagccaggce aactgagtac gtcctgeggt ccegtgatcgce taaagaagtg 2640
ggcgacatte tgcgcegtcce ttgcatgcga acaccagcceg acgacgtgag ctggagatac 2700
gaggctcceca gtgtcatcga ctatgcaaga atcgatggca ttttcecctgag gtaccactgt 2760
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-continued
cctgggetgg acacctttet gtgggatagg catgcacage gecgcectatct ggtgaaccca 2820
ttectgtttyg ctgcaggett cctggaagac ctgtcccaca gegtgttcece cgccgataca 2880
caggagacaa ctaccagaag ggcactgtac aaggaaatta gggacgccct gggcagtcge 2940
aaacaggctg tctcacatgce acccgtgcge gcaggatgeg tcaacttcga ctatagccecgg 3000
actcggeggt gegtgggacg gagagatctg aggcccgeca atacaactte cacctgggag 3060
cctecagtgt caagcgacga tgaggccage agecagtceca aacctcetgge aacccagcecce 3120
cctgtgetgg ctcetgtctaa tgcaccacce cgaagagtcect cacctacaag aggacggcga 3180
cgacataccc gcctgcgacg gaattga 3207

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 95
H: 879
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: pHSV2-gCgD

<400> SEQUENCE: 95

Met Ala Leu
1

Trp Val Gly

Ile Thr Val
35

Ser Pro Arg
50

Pro Arg Lys
65

Pro Pro Lys

Asn Arg His

Cys Arg Phe
115

Arg Tyr Ala
130

Glu Glu Val
145

Tyr Asp Ser

Gly Ala Gly

Leu Gly Arg
195

Gly Met Tyr
210

Gly Thr Trp
225

His Pro His

Ala Ala Thr

Asp Gly Arg
275

Gly Arg Val Gly Leu

5

Val Val Val Val Leu

20

Gly Pro Arg Gly Asn

40

Asn Ala Ser Ala Pro

55

Ala Thr Lys Ser Lys

70

Thr Gly Pro Pro Lys

85

Asp Pro Leu Ala Arg

100

Pro Asn Ser Thr Arg

120

Thr Ala Thr Asp Ala

135

Met Val Asn Val Ser
150

Ala Pro Asn Arg Thr

165

Pro Gly Ala Ser Pro

180

Gln Arg Leu Ile Ile

200

Tyr Trp Val Trp Gly

215

Val Arg Val Arg Val
230

Ala Val Leu Glu Gly

245

Tyr Tyr Pro Gly Asn

260

Arg Val Phe Asp Pro

280

Ala

Ala

25

Ala

Arg

Ala

Thr

Tyr

105

Thr

Glu

Ala

Asp

Arg

185

Glu

Arg

Phe

Gln

Arg
265

Ala

amino acid sequence

Val

10

Asn

Ser

Thr

Ser

Ser

90

Gly

Glu

Ile

Pro

Pro

170

Leu

Glu

Thr

Arg

Pro
250

Ala

Gln

Gly

Ala

Asn

Thr

Thr

75

Ser

Ser

Phe

Gly

Pro

155

His

Tyr

Leu

Asp

Pro
235
Phe

Glu

Ile

Leu Trp Gly
Ser Pro Gly
30

Ala Ala Pro
45

Pro Thr Pro
60

Ala Lys Pro

Glu Pro Val

Arg Val Gln

110

Arg Leu Gln
125

Thr Ala Pro
140

Gly Gly Gln

Val Ile Trp

Ser Val Val
190

Thr Leu Glu
205

Arg Pro Ser
220

Pro Ser Leu

Lys Ala Thr

Phe Val Trp
270

His Thr Gln
285

Leu Leu
15

Arg Thr

Ser Ala

Pro Gln

Ala Pro
80

Arg Cys
95

Ile Arg

Ile Trp

Ser Leu

Leu Val
160

Ala Glu
175

Gly Pro

Thr Gln

Ala Tyr

Thr Ile
240

Cys Thr
255

Phe Glu

Thr Gln
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307

-continued

308

Glu

Ser

Ala

Phe

Gln

385

Pro

Pro

Pro

Gly

465

Arg

Ala

Tyr

Arg

545

Pro

Cys

Arg

Ala

Glu

625

Arg

Glu

Gly

Gln

Asn

290

Gly

Arg

Val

Val

Leu

370

Thr

Val

Asp

Arg

Ile

450

Val

Gly

Ala

Ala

Gly

530

Lys

Pro

Arg

Gly

Trp

610

Tyr

Thr

Asp

Thr

Phe
690

Pro

Gly

Asp

Leu

Cys

355

Gly

Ser

Ser

Gly

Asp

435

Gly

Tyr

Arg

Leu

Leu

515

Lys

Arg

Ser

Ser

Ala

595

Tyr

Thr

Gln

Asn

Tyr
675

Ile

Asp

Gln

Ser

Pro

340

Thr

Asp

Cys

Tyr

Ile

420

Pro

Val

Leu

Lys

Leu

500

Ala

Asn

Val

Ile

Val

580

Ser

Arg

Glu

Pro

Leu
660

Leu

Leu

Gly

Gly

Val

325

Arg

Ala

Asp

Gly

Glu

405

Pro

Thr

Ala

Thr

Arg

485

Val

Asp

Leu

Tyr

Pro

565

Leu

Asp

Met

Cys

Arg

645

Gly

Arg

Glu

Phe

Pro

310

Ser

Pro

Gly

Ser

Arg

390

Gln

Val

Glu

Val

His

470

Arg

Val

Pro

Pro

His

550

Ile

Leu

Glu

Gly

Pro

630

Trp

Phe

Leu

His

Ser Thr Val Ser Thr Val Thr Ser Ala
295 300

Pro Arg Thr Phe Thr Cys Gln Leu Thr
315

Phe Ser Arg Arg Asn Ala Ser Gly Thr
330 335

Thr Ile Thr Met Glu Phe Thr Gly Asp
345 350

Cys Val Pro Glu Gly Val Thr Phe Ala
360 365

Ser Pro Ala Glu Lys Val Ala Val Ala
375 380

Pro Gly Thr Ala Thr Ile Arg Ser Thr
395

Thr Glu Tyr Ile Cys Arg Leu Ala Gly
410 415

Leu Glu His His Gly Ser His Gln Pro
425 430

Arg Gln Val Ile Arg Ala Val Glu Gly
440 445

Leu Val Ala Val Val Leu Ala Gly Thr
455 460

Ala Ser Ser Val Arg Tyr Arg Arg Leu
475

Ser Gly Arg Leu Thr Ser Gly Val Gly
490 495

Ala Val Gly Leu Arg Val Val Cys Ala
505 510

Ser Leu Lys Met Ala Asp Pro Asn Arg
520 525

Val Leu Asp Gln Leu Thr Asp Pro Pro
535 540

Ile Gln Pro Ser Leu Glu Asp Pro Phe
555

Thr Val Tyr Tyr Ala Val Leu Glu Arg
570 575

His Ala Pro Ser Glu Ala Pro Gln Ile
585 590

Ala Arg Lys His Thr Tyr Asn Leu Thr
600 605

Asp Asn Cys Ala Ile Pro Ile Thr Val
615 620

Tyr Asn Lys Ser Leu Gly Val Cys Pro
635

Ser Tyr Tyr Asp Ser Phe Ser Ala Val
650 655

Leu Met His Ala Pro Ala Phe Glu Thr
665 670

Val Lys Ile Asn Asp Trp Thr Glu Ile
680 685

Arg Ala Arg Ala Ser Cys Lys Tyr Ala
695 700

Ala

Trp

320

Ala

His

Trp

Ser

Leu

400

Tyr

Pro

Ala

Ala

Arg

480

Thr

Lys

Phe

Gly

Gln

560

Ala

Val

Ile

Met

Ile

640

Ser

Ala

Thr

Leu
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310

Pro Leu Arg
705

Gln Gly Val

Glu Asn Gln

His Gly Pro

755

Ser Asp Thr
770

Glu Asp Ser
785

Ile Pro Pro

His Ala Pro

Ala Gly Ser

835

Val Arg Arg
850

Ile Arg Asp
865

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ile Pro Pro Ala Ala
710

Thr Val Asp Ser Ile

725

Arg Thr Val Ala Leu

740

Lys Pro Pro Tyr Thr

760

Thr Asn Ala Thr Gln

775

Ala Leu Leu Glu Asp
790

Asn Trp His Ile Pro

805

Ala Ala Pro Ser Asn

820

Thr Leu Ala Val Leu

840

Arg Ala Gln Met Ala

855

Asp Asp Ala Pro Pro
870

D NO 96
H: 2640
DNA

Cys Leu Thr
715

Gly Met Leu
730

Tyr Ser Leu
745

Ser Thr Leu

Pro Glu Leu

Pro Ala Gly

795

Ser Ile Gln
810

Pro Gly Leu
825

Val Ile Gly

Pro Lys Arg

Ser His Gln
875

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: pHSV2-gCgD nucleic

<400> SEQUENCE: 96

atggcactgg

gtegtggtee

gctagtaatg

acceccteccee

cccectaaga

cctetggeac

acagagttta

gcaccaagte

tacgacagcg

ggagcaagte

gaggaactga

ccttetgect

cacccacatg

tatcccggaa

geccagatte

accteegetyg

cacagggaca

agaccaacca

gaagggtcgg

tggctaatge

ccgcetecaag

agcctagaaa

ctggaccacc

gatacggcete

ggctgcagat

tggaggaagt

ccccaaateg

ctcggetgta

ccctggaaac

acggaacctyg

cegtgetgga

acagggctga

acacccagac

cagtgggagg

gegtetectt

tcacaatgga

getggetgte

aagtccagge

tgcatcacce

ggccactaag

caaaaccagc

acgggtgcag

ctggagatat

gatggtcaac

cacagatccc

ttcagtggte

acaggggatg

ggtcagggtg

gggacagcce

gttegtetgyg

acaggaaaat

ccagggecca

ttctaggege

gttcaccgga

gggctgtggg

agaacaatca

aggaacgect

agcaaagcat

tccgageceyg

atccgetgte

gcaactgcca

gtgtcagcetce

catgtgatct

ggaccactgg

tactattggyg

cgegtettea

tttaaggcta

tttgaagacg

cccgatggat

cccagaacat

aatgcatceg

gatcatgccyg

Ser Lys Ala

Pro Arg Phe

Lys Ile Ala

750

Leu Pro Pro
765

Val Pro Glu
780

Thr Val Ser

Asp Val Ala

Ile Ile Gly

830

Gly Ile Ala
845

Leu Arg Leu
860

Pro Leu Phe

acid sequen

ggctgetgtg
ctgtgggace
cagctecteg
ccaccgecaa
tgcgctgeaa
gattccctaa
ccgatgetga
ctccaggegy
gggcagaggg
gacggcagag
tgtggggacyg
gacccectag
catgcactge
gecggagagt
tttetacegt
tcacttgtca
ggaccgecte

tgtgcacage

Tyr Gln
720

Ile Pro
735

Gly Trp

Glu Leu

Asp Pro

Ser Gln
800

Pro His
815

Ala Leu

Phe Trp

Pro His

Tyr

ce

ggtcggagtg
caggggcaac
caccacacca
accagcteca
ccgacacgac
tagcaccaga
aattggcacc
gecagctggte
agcaggacca
actgatcatt
gactgacaga
tctgacaatce
agccacttac
gttegatcca
cagtactgtyg
getgacttgg
tgtgctgect

aggctgcgtg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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312

-continued
cccgaagggg tgaccttege ttggtttcetg ggcgacgatt ctagtectge cgagaaggtg 1140
getgtegeat cacagacaag ctgcggecge cctggaactg caaccattcg aagcacactg 1200
ccagtgtecct acgagcagac tgaatatatc tgtagactgg ccgggtacce agacggaatt 1260
ccegtgetgg agcaccatgg atcccaccag ccetcecaccca gggatccaac cgagcgacag 1320
gtcatccgag cagtggaagg agctgggatt ggagtggcag tcectggtggce cgtggtectg 1380
gctggaacag cagtggtcta cctgactcat gectcaageg tgcgctatcg acggctgaga 1440
aggggacgaa aacgccgatc tggccggetg acaagtggag tceggaactge cgcectgetg 1500
gtcgtggecag tgggactgcg agtggtcetge gcaaagtacg cactggctga cccaagectg 1560
aaaatggcceg atcccaaccg attccgggge aagaatctge cagtgctgga ccagetgace 1620
gatcctceccag gggtcaaacg cgtgtatcac atccagccta gectggagga cccatttceag 1680
cceectteca tecccattac agtctactat gecegtgetgg aaagggcttg cegcectcagte 1740
ctgctgcacyg ctectagega ggcaccacag atcgtgagag gcegecagcega cgaagcetagg 1800
aagcatacct acaacctgac aattgcatgg tatcggatgg gggataattg tgccatcccce 1860
attaccgtga tggagtacac agaatgccct tataacaaaa gcctgggcgt gtgcccaatce 1920
cgaacccagce ctagatggtc ttactatgac agtttctcag ccgtgagtga ggataacctg 1980
gggttcctga tgcacgcace tgcctttgaa actgccggaa cctacctgeg cctggtgaag 2040
atcaatgact ggacagagat cactcagttt attctggaac atagagctag ggcatcctgce 2100
aagtacgctc tgccactgceg gattccacce gcagectgte tgacctccaa agcctatcag 2160
cagggcgtca cagtggattc tatcgggatg ctgccceget tcattcecctga gaaccagegg 2220
accgtggecce tgtactctet gaagatcgct ggatggcacg gecctaaacce tceccatataca 2280
tccactetge tgccccecctga getgtcetgac actaccaatg ccactcagece agaactggtg 2340
ccegaggace ctgaagattc cgcactgetg gaggacccag caggaacagt gtcctctcag 2400
attccaccca actggcatat cccttctatt caggatgtgg caccacacca tgccccagcet 2460
gcacccagca atcctggect gatcattggg geccctggcectg gatccaccct ggecegtgetyg 2520
gtcatcggeg gcattgecatt ttgggtgcgg agaagggccec agatggctcce caagcggcetg 2580
cgectgecce atattagaga cgacgacgct ccteccatccce accagceccact gttttactga 2640
<210> SEQ ID NO 97
<211> LENGTH: 931
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: pVZV-gB amino acid sequence

<400> SEQUE:

Met Ser Pro
1

Glu Tyr Arg
Pro Asn Ala
35

Thr Ser Val
50

Phe Val Thr
65

Leu Gln Val

NCE: 97

Cys Gly Tyr Tyr Ser

Arg Asn Leu Arg Phe

20

Ala Ala Gly Ser Gly

40

Thr Gly Val Trp Leu

55

Ala Val Val Ser Val

70

Glu Pro Thr Gln Ser

85

Lys

Arg

25

Phe

Cys

Ser

Glu

Trp

10

Arg

Asn

Phe

Pro

Asp
90

Arg

Phe

Gly

Leu

Ser

75

Ile

Asn Arg Asp

Phe Ser Ser
30

Pro Gly Val
45

Cys Ile Phe
60

Ser Phe Tyr

Thr Arg Ser

Arg Pro
15

Ile His

Phe Ile

Ser Met

Glu Ser

80

Ala His
95
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313

-continued

314

Leu

Ala

Thr

Gly

145

Ala

Ser

Ala

Lys

Lys

225

Ile

Asn

Thr

Pro

Pro

305

Ala

Asp

Pro

Cys

Tyr

385

Ile

Cys

Arg

Ala

Leu
465

Ser

Pro

Gly

Glu

Ile

130

Lys

Ala

Thr

Asp

Phe

210

Val

Ala

Asp

Ser

Tyr

290

Phe

Met

Thr

His

Ser

370

Ala

Ser

Val

Tyr

Arg

450

Ala

Pro

Val

Asp

Thr

115

Val

Asn

Tyr

Ala

Arg

195

Gly

Glu

Ser

Thr

Val

275

Asp

Phe

Asp

Arg

Leu

355

Leu

His

Glu

Lys

Asn

435

Gly

Arg

Gln

Glu

Gly

100

Lys

Arg

Phe

Lys

Trp

180

Val

Lys

Ala

Lys

Tyr

260

Asn

Ser

Gly

Arg

Ala

340

Thr

Val

Asn

Thr

Glu

420

Ser

Gly

Leu

Lys

Leu
500

Asp

Pro

Leu

Thr

Phe

165

Ala

Pro

Cys

Phe

Tyr

245

Met

Cys

Phe

Leu

Phe

325

Leu

Val

Lys

Phe

Asn

405

Glu

Ser

Phe

Tyr

His

485

Arg

Glu

Thr

Glu

Glu

150

Lys

Gly

Ile

Ser

Asn

230

Asn

Val

Ile

Gly

Arg

310

His

Leu

Gly

Trp

Arg

390

Glu

Ala

His

Val

Leu
470

Pro

Ala

Ile Arg Glu Ala Ile His Lys Ser Gln
105 110

Phe Tyr Val Cys Pro Pro Pro Thr Gly
120 125

Pro Thr Arg Thr Cys Pro Asp Tyr His
135 140

Gly Ile Ala Val Val Tyr Lys Glu Asn
155

Ala Thr Val Tyr Tyr Lys Asp Val Ile
170 175

Ser Ser Tyr Thr Gln Ile Thr Asn Arg
185 190

Pro Val Ser Glu Ile Thr Asp Thr Ile
200 205

Ser Lys Ala Thr Tyr Val Arg Asn Asn
215 220

Glu Asp Lys Asn Pro Gln Asp Met Pro
235

Ser Val Gly Ser Lys Ala Trp His Thr
250 255

Ala Gly Thr Pro Gly Thr Tyr Arg Thr
265 270

Ile Glu Glu Val Glu Ala Arg Ser Ile
280 285

Leu Ser Thr Gly Asp Ile Ile Tyr Met
295 300

Asp Gly Ala Tyr Arg Glu His Ser Asn
315

Gln Phe Glu Gly Tyr Arg Gln Arg Asp
330 335

Glu Pro Ala Ala Arg Asn Phe Leu Val
345 350

Trp Asn Trp Lys Pro Lys Arg Thr Glu
360 365

Arg Glu Val Glu Asp Val Val Arg Asp
375 380

Phe Thr Met Lys Thr Leu Ser Thr Thr
395

Phe Asn Leu Asn Gln Ile His Leu Ser
410 415

Arg Ala Ile Ile Asn Arg Ile Tyr Thr
425 430

Val Arg Thr Gly Asp Ile Gln Thr Tyr
440 445

Val Val Phe Gln Pro Leu Leu Ser Asn
455 460

Gln Glu Leu Val Arg Glu Asn Thr Asn
475

Thr Arg Asn Thr Arg Ser Arg Arg Ser
490 495

Asn Arg Thr Ile Thr Thr Thr Ser Ser
505 510

Asp

Ser

Leu

Ile

160

Val

Tyr

Asp

His

Leu

240

Thr

Gly

Phe

Ser

Tyr

320

Leu

Thr

Val

Glu

Phe

400

Gln

Thr

Leu

Ser

His
480

Val

Val
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Glu

Asn

Arg

545

Leu

Asp

Ile

Tyr

625

Leu

Leu

Glu

705

Asn

Tyr

Gly

Thr

Asn

785

Pro

Pro

Pro

Ser

865

Tyr

Lys

Ala

Thr

Phe

Glu

530

Glu

Ala

Val

Ile

Ser

610

Glu

Leu

His

His

Leu

690

Leu

Gln

Asp

Leu

Gly

770

Pro

Ala

Met

Glu

Ile

850

Gly

Met

Lys

Leu

Gly

Ala

515

Met

Arg

Ser

Ile

Leu

595

Arg

Gly

Glu

Tyr

Asp

675

Lys

Arg

Met

Ser

Gly

755

Ala

Phe

Ala

Lys

Gly

835

Glu

Phe

Thr

Asn

Arg
915

Val

Met

Leu

Ala

Thr

Ser

580

Gln

Pro

Gln

Pro

Val

660

Val

Asp

Asp

His

Gly

740

Thr

Leu

Gly

Phe

Ala

820

Met

Glu

Asp

Leu

Lys
900

Asn

Leu

Ala

Leu

Ile

565

Val

Asn

Leu

Leu

Cys

645

Tyr

Gly

Arg

Thr

Ser

725

Thr

Ala

Leu

Ala

Phe

805

Leu

Asp

Ile

Pro

Val
885

Thr

Arg

Gln

Arg

Trp

550

Leu

Ser

Ser

Ile

Gly

630

Val

Tyr

Met

Glu

Gly

710

Leu

Ala

Gly

Ser

Leu

790

Ala

Tyr

Pro

Gly

Asp

870

Ser

Ser

Arg

Phe

Ile

535

Ser

Asp

Asn

Met

Ser

615

Thr

Ala

Glu

Ile

Phe

695

Leu

Arg

Ile

Gln

Thr

775

Ala

Tyr

Pro

Phe

Asp

855

Lys

Ala

Ala

Gly

Thr

520

Ser

Gly

Gln

Cys

Arg

600

Ile

Asp

Asn

Asp

Ser

680

Met

Leu

Phe

Met

Ala

760

Val

Val

Arg

Leu

Ala

840

Ser

Phe

Ala

Leu

Tyr
920

Tyr

Ser

Leu

Arg

Pro

585

Val

Val

Asn

His

Tyr

665

Thr

Pro

Asp

Tyr

Gln

745

Val

His

Gly

Tyr

Thr

825

Glu

Gln

Arg

Glu

Leu
905

Ser

Asp

Ser

Phe

Val

570

Glu

Ser

Ser

Glu

Lys

650

Arg

Tyr

Leu

Tyr

Asp

730

Gly

Gly

Gly

Leu

Val

810

Thr

Lys

Asn

Glu

Arg
890

Thr

Arg

His

Trp

Pro

555

Lys

Leu

Gly

Leu

Leu

635

Arg

Tyr

Val

Gln

Ser

715

Ile

Met

His

Phe

Leu

795

Leu

Lys

Pro

Thr

Ala
875
Gln

Ser

Val

Ile

Cys

540

Ile

Ala

Gly

Ser

Asn

620

Ile

Tyr

Val

Asp

Val

700

Glu

Asp

Ala

Val

Thr

780

Val

Lys

Gly

Asn

Glu

860

Gln

Glu

Arg

Arg

Gln

525

Gln

Asn

Arg

Ser

Thr

605

Gly

Met

Phe

Arg

Leu

685

Tyr

Ile

Lys

Gln

Val

765

Thr

Leu

Leu

Leu

Ala

845

Pro

Glu

Ser

Leu

Thr
925

Glu

Leu

Pro

Ile

Asp

590

Thr

Ser

Ser

Leu

Glu

670

Asn

Thr

Gln

Val

Phe

750

Leu

Phe

Ala

Lys

Lys

830

Thr

Ser

Met

Lys

Thr
910

Glu

His

Gln

Ser

Leu

575

Thr

Arg

Gly

Arg

Phe

655

Ile

Leu

Arg

Arg

Val

735

Phe

Gly

Leu

Gly

Thr

815

Gln

Asp

Val

Ile

Ala
895

Gly

Asn

Val

Asn

Ala

560

Gly

Arg

Cys

Thr

Asp

640

Gly

Ala

Thr

Asp

Arg

720

Gln

Gln

Ala

Ser

Leu

800

Ser

Leu

Thr

Asn

Lys

880

Arg

Leu

Val
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930

<210> SEQ ID NO 98
<211> LENGTH: 2817

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: pVZV-gB

<400> SEQUENCE: 98

aagcttgeca

gaatacaggce

gcaggatctyg

tgcttectgt

ttttacgagt

ctgggcgacg

cccactttet

aggacatgtc

aaggagaaca

agcactgcat

cccattectyg

gctacctacy

gatatgccac

aatgatacat

tgtatcattg

accggggata

cactccaatt

gatacacgag

gtgggctgga

gtggaagacg

agtactacct

tgtgtgaagg

tctcatgtga

tttcagecee

aacaccaatc

cctgtggage

ctgcagttta

teotettggt

aatcccteceg

gatgtcattt

aattcaatge

gtctcectga

atgagcagag

caccattatg

ccatgtcace

ggaatctgeyg

gettcaatgg

gtattttete

ccctgecaggt

gggatgagat

acgtctgece

ccgactatca

tcgecgetta

gggcegggte

tgagcgagat

tccgcaacaa

tgatcgcatce

acatggtgge

aggaagtgga

tcatctacat

atgccatgga

cecctgetgga

attggaagcc

tggtcagaga

tcatctcaga

aggaagctcg

gaacaggcga

tgctgagcaa

acagccccca

tgcgagccaa

catacgacca

gccagetgea

cectggette

ctgtgagtaa

gggtgtcagg

acggatctgg

atctgetgga

tctactatga

ttgcggatac

gtttaggcgg

gccaggagtg

aatgtttgte

ggaacctace

ccgagaagec

ccctecaace

cctgggaaag

caagtttaaa

tagttacact

cactgacacc

tcacaaggtyg

taagtataac

aggcacaccc

ggcccggagce

gagccectte

tcggttecat

gccagcagca

taaaagaacc

tgaatatgcc

gaccaatgag

ggcaatcatt

cattcagact

ctcectgget

gaagcatcct

tcggaccatce

catccaggag

gaaccgcgag

tacaattctg

ctgecectgag

gagcaccaca

cacagtggaa

gecatgtgty

agactacaga

nucleic acid sequence

tactcaaaat

ttetteaget

tttatcacta

accgetgtygyg

cagtctgagg

attcataagt

ggcagtacaa

aacttcaccyg

gccacagtgt

cagatcacca

attgataagt

gaggccttca

tcegtggget

gggacttatc

attttcccat

tttggactge

cagtttgaag

cgaaacttece

gaggtetget

cataacttca

ttcaacctga

aacagaatct

tacctggeca

agactgtatc

actaggaaca

accacaacta

catgtgaatg

cgagcactgt

gaccagcggg

ctgggaagtg

aggtgttact

ggacagctgg

gctaaccaca

tatgtgaggg

ggcggaatcg

ccatccacce

gtgtcaccgg

tcagtgtgte

acatcacacyg

ctcaggatge

ttgtgagact

aaggcatcge

actacaagga

accgctatge

tcggaaaatyg

acgaagacaa

ctaaagccetyg

gcacagggac

acgactcatt

gcgacggcege

gatacagaca

tggtcacacc

ccctggtgaa

ggtttaccat

atcagattca

acacaactag

ggggcgggtt

tgcaggaget

ccegeagteg

gttcagtgga

aaatgctgge

ggagcggcct

tgaaggccag

atacccgeat

ccegeccact

gcactgacaa

agaggtactt

agatcgcegt

ggataggccce
taacgccget
cgtgtggety
acccagetee
aagtgcacac
tgagacaaaa
ggaaccaacc
agtggtctac
cgtcategty
cgatcgagte
ctcaagcaaa
aaatcctcag
gcataccaca
ttcagtcaac
tggcctgage
ataccgagag
gagggacctyg
ccacctgact
gtggcgggag
gaaaacactg
cctgteteag
gtacaattce
cgtggtegtg
ggtgagggaa
gagatcagte
attcgcetatg
tagaattagce

gttcccaate

aatcctgggy

cattctgeag

gatcagcatt

tgagctgatce

cctgtttgga

ccatgatgtyg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040
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320

-continued
ggcatgatta gcacctacgt ggacctgaac ctgacactgc tgaaagatcg cgaattcatg 2100
ccectgecagg tgtacaccceg ggacgagetg cgagatacceyg gactgctgga ctatagcgaa 2160
atccagaggce gcaatcagat gcactcecctg cggttttacg acatcgataa ggtcgtgcag 2220
tatgatagcg ggactgctat tatgcaggga atggcacagt tctttcaggg actgggaacc 2280
gctggacagg cagtgggaca cgtcegtgetg ggagcaactg gagctctget gtctacegtg 2340
catgggttca ctacctttcect gagtaaccct ttcggagcac tggcagtcgg actgcetggtg 2400
ctggctggac tggtcgctge attctttgca tacagatatg tgctgaagct gaaaacatcc 2460
cctatgaagg ccctgtaccce actgacaact aagggcctga aacagctgcce tgaagggatg 2520
gacccatttyg cagagaaacc caacgccacce gacacaccaa tcgaggaaat tggcgattet 2580
cagaacaccg agccctctgt gaatagtggg ttcgaccctg ataagtttag ggaggcccag 2640
gaaatgatca aatacatgac actggtgtca gcagctgagce gacaggaaag caaggcacgg 2700
aagaagaaca agactagcgc tctgctgacce tecaggctga caggactgge actgcgaaac 2760
cgacgaggat atagccgggt gagaactgag aatgtcaccg gcgtgtgata actcgag 2817
<210> SEQ ID NO 99
<211> LENGTH: 1007
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: pVZV-gHgL amino acid sequence

<400> SEQUENCE:

Met
1

Ala

Lys

Ser

65

Lys

Pro

Pro

Asp

His

145

Leu

Ser

Phe

Phe

Asn

Met

Leu

50

Leu

Val

Lys

Phe

Val

130

Leu

Glu

Leu

Lys

Ser
210

Ala

Lys

Ser

35

Glu

His

Asn

Tyr

Pro

115

Ser

Val

Arg

Leu

Ala

195

Ala

Leu

Ser

20

Ala

Ala

Trp

Pro

Leu

100

Ala

Phe

Ala

Ala

Pro
180

His

Glu

99

Val

Tyr

Leu

Phe

Gly

Thr

85

Leu

Gly

Phe

Phe

Glu
165
Ala

Phe

Ala

Leu

Val

Leu

Tyr

Asn

70

Thr

Ser

Arg

Asp

Thr

150

Thr

Arg

Ala

Ile

Ala

Thr

Arg

Pro

55

Asp

His

Pro

Phe

Ser

135

Thr

Ala

Pro

Thr

Ile
215

Val

Pro

Glu

40

Thr

Arg

Glu

Tyr

Gly

120

Ser

Phe

Ala

Thr

Trp

200

Thr

Val

Thr

25

Tyr

Gly

Lys

Gly

His

105

Phe

Phe

Pro

Thr

Val
185

Asp

Asn

Ile

10

Pro

Ser

Phe

His

Asp

90

Phe

Leu

Ala

Pro

Ala

170

Pro

Ala

Ser

Leu

Ala

Asp

Asp

Val

75

Val

Lys

Ser

Pro

Asn

155

Glu

Lys

Leu

Thr

Pro

Thr

Arg

Glu

60

Phe

Gly

Ala

His

Tyr

140

Pro

Arg

Asn

Ala

Leu
220

Leu

Arg

Asn

45

Glu

Leu

Leu

Glu

Pro

125

Leu

Leu

Pro

Thr

Arg

205

Arg

Trp

Ser

30

Met

Leu

Val

Val

His

110

Val

Thr

Val

Phe

Ile
190

His

Ile

Thr

15

Ile

Ser

Ile

Ile

Ile

95

Arg

Thr

Thr

Trp

Gly

175

Leu

Thr

His

Thr

Gly

Leu

Lys

Val

80

Phe

Ala

Pro

Gln

His

160

Val

Glu

Phe

Val
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322

Pro

225

Gly

Leu

Thr

Tyr

305

Arg

Lys

Ala

Thr

385

Lys

Asn

Leu

Ala

465

Ala

Asn

Leu

Gly

Ala

545

Pro

Gly

Leu

Gln

Ile
625

Leu

Leu

Phe

Ile

Thr

290

Arg

Ala

Tyr

Ala

Arg

370

Glu

Phe

Thr

His

Asp

450

Tyr

Arg

Leu

Leu

Arg

530

Thr

Ser

Ser

Ser

Leu
610

Phe

Pro

Phe

Leu

Met

Val

275

Trp

Val

Thr

His

Asp

355

Ile

Tyr

Leu

Ile

Asp

435

Tyr

Ala

Arg

Asn

Asn

515

Thr

Gln

Lys

Leu

Ala

595

Asp

Thr

Glu

Gly

Thr

Ser

260

Val

Phe

Tyr

Val

Leu

340

Gln

Ala

Phe

Asn

Ser

420

Glu

Phe

Leu

Val

Ala

500

Phe

Thr

Ala

His

Arg

580

Ile

Glu

Thr

Val

Ser

Ser

245

Ser

Pro

Gln

Leu

Asp

325

Ser

His

Thr

Leu

Tyr

405

Gly

Leu

Ile

Ser

Ile

485

Thr

Arg

Leu

Ala

Met

565

Thr

Pro

Ser

Trp

Phe

Val

230

Asp

Leu

His

Leu

Leu

310

Ile

Met

Asp

Ser

Leu

390

Ile

Thr

Ser

Ser

Arg

470

Met

Glu

Glu

Leu

Leu

550

Phe

Asp

Thr

Glu

Thr
630

Thr

Trp

Ser

Ile

Thr

Asn

295

Gly

Cys

Ala

Ile

Ile

375

Asp

Leu

Ser

Leu

Tyr

455

Gly

Ser

Arg

Gly

Leu

535

Asn

Thr

Leu

Arg

Ile
615

Ala

Cys

Pro

Gly

Ser

Val

280

Pro

Arg

Ala

His

Asn

360

Phe

Glu

Met

Asp

Leu

440

Asp

Gln

Ile

Gln

Leu

520

Met

Ile

Ile

Thr

Pro
600
Phe

Lys

Gln

Ile

Arg

Leu

265

Lys

Pro

Gly

Tyr

Thr

345

Glu

Ala

Ile

Arg

Leu

425

Phe

Glu

Asp

Tyr

Ala

505

Glu

Thr

Gln

Pro

Glu

585

Gly

Asp

Asp

Asp

Arg

Val

250

Ser

Leu

Gly

Leu

Pro

330

Glu

Glu

Leu

Val

Ile

410

Ile

Gly

Ala

His

Lys

490

Leu

Asn

Ser

Glu

Asn

570

Glu

Leu

Ala

Leu

Ala

Tyr

235

Glu

Ser

Asn

Pro

Asp

315

Glu

Ala

Ser

Ser

Asp

395

Gly

Phe

Gln

Arg

Val

475

Gly

Phe

Ser

Met

Gly

555

Val

Ile

Asn

Ala

His
635

Ala

Trp

Val

Gly

Ala

Asp

300

Met

Glu

Leu

Tyr

Glu

380

Val

Ala

Ala

Val

Asp

460

Asn

Leu

Phe

Ser

Cys

540

Leu

Tyr

His

Glu

Phe
620

Ile

Ala

Ala

Asn

Leu

Val

285

Pro

Asn

Ser

Arg

Tyr

365

Met

Gln

Gly

Asp

Lys

445

Gln

Ala

Leu

Ala

Arg

525

Thr

Ala

Ser

Val

Val
605
Lys

Leu

Arg

Thr

Ile

Pro

270

Thr

Gly

Phe

Leu

Met

350

His

Gly

Tyr

Ala

Pro

430

Pro

Leu

Leu

Val

Ser

510

Val

Ala

Tyr

Pro

Met

590

Leu

Thr

His

Asn

Gly

Gly

255

Ile

Ser

Pro

Ser

Asp

335

Thr

Ile

Arg

Gln

His

415

Ser

Ala

Lys

Ser

Lys

495

Met

Leu

Ala

Leu

Cys

575

Asn

His

Met

Thr

Gly

Ser

240

Val

Glu

Asp

Ser

Lys

320

Tyr

Thr

Ala

Thr

Leu

400

Pro

Gln

Asn

Thr

Leu

480

Gln

Ile

Asp

His

Asn

560

Met

Leu

Thr

Met

His
640

Glu
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-continued

324

Tyr

Arg

Ser

705

Leu

Thr

Arg

Asp

Thr

785

Ser

Arg

Met

Thr

865

Gly

Asn

Thr
945
Glu

Gly

Gly

<210>
<211>
<212>
<213>
<220>
<223>

Val

Asn

Tyr

690

Glu

Lys

Gly

Gln

Met

770

Val

Gly

Gly

Glu

Ala

850

Ile

Ala

Ser

Leu

Pro

930

Asn

His

Val

Cys

Leu

Lys

675

Asn

His

Glu

Ala

Leu

755

His

Val

Gln

Phe

Tyr

835

Ser

Ala

Lys

Ser

Ser

915

Glu

Pro

Lys

Trp

Val
995

Ile

660

Pro

Pro

Gly

Cys

Ile

740

Ala

Gly

Thr

Tyr

Gly

820

Asn

His

Tyr

Pro

Val

900

Glu

Val

Tyr

Ser

Val

980

Trp

<400> SEQUENCE:

aagcttgeca ccatgttege actggtectg geegtegtea tectgecect gtggacaact

645

Leu

Gln

Ile

Val

Leu

725

Met

Ala

Asp

Leu

Leu

805

Ile

Lys

Lys

Cys

Leu

885

Tyr

Ala

Ile

Val

Gly

965

Asp

Gly

SEQ ID NO 100
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: pVZV-gHgL nucleic acid sequence

3045

100

Pro

Arg

Ser

Ile

710

Tyr

Asp

Met

Asp

Leu

790

Gly

Ile

Ile

Trp

Leu

870

Ser

Glu

Leu

Leu

Thr

950

Asp

Ser

Ala

650 655

Ala Val Gln Gly His Ser Tyr Val Ile
665 670

Gly Leu Val Tyr Ser Leu Ala Asp Val
680 685

Val Val Tyr Leu Ser Arg Asp Thr Cys
695 700

Glu Thr Val Ala Leu Pro His Pro Asp
715

Cys Gly Ser Val Phe Leu Arg Tyr Leu
730 735

Ile Ile Ile Ile Asp Ser Lys Asp Thr
745 750

Gly Asn Ser Thr Ile Pro Pro Phe Asn
760 765

Ser Lys Ala Val Leu Leu Phe Pro Asn
775 780

Gly Phe Glu Arg Arg Gln Ala Ile Arg
795

Ala Ser Leu Gly Gly Ala Phe Leu Ala
810 815

Gly Trp Met Leu Cys Gly Asn Ser Arg
825 830

Pro Leu Thr Arg Gly Arg Lys Arg Arg
840 845

Leu Leu Gln Ile Val Phe Leu Lys Thr
855 860

His Leu Gln Asp Asp Thr Pro Leu Phe
875

Asp Val Ser Leu Ile Ile Thr Glu Pro
890 895

Ala Trp Asp Tyr Ala Ala Pro Pro Val
905 910

Ser Gly Ile Val Val Lys Thr Lys Cys
920 925

Trp Phe Lys Asp Lys Gln Met Ala Tyr
935 940

Leu Lys Gly Leu Ala Gln Ser Val Gly
955

Ile Arg Asp Ala Leu Leu Asp Ala Leu
970 975

Thr Pro Ser Ser Thr Asn Ile Pro Glu
985 990

Thr

Asp

Val

Asn

720

Thr

Glu

Pro

Gly

Met

800

Val

Leu

Ser

Ile

Phe

880

Cys

Ser

Pro

Trp

Glu

960

Ser

Asn

Asp Arg Leu Phe Gln Arg Val Cys Gln

1000 1005



325

US 9,994,619 B2

326

-continued
gctaacaaat cttacgtcac tcctacccct gcaacteggt ctatcggeca catgagtgec 120
ctgctgaggg aatactcaga tcgcaacatg agectgaaac tggaggcettt ctatcccace 180
ggatttgatyg aggaactgat taagtctctg cactggggca acgaccggaa gcatgtgtte 240
ctggtcateg tcaaagtgaa tcctaccaca cacgaagggyg acgtcggact ggtcatcttt 300
ccaaaatacc tgctgagccce ctatcactte aaggcagage atcgggcecce atttcecccget 360
ggcagatteg ggtttctgag ccatccagtce accccegacg tgtccttett tgatagetece 420
ttegetccect acctgactac ccagcacctg gtggcattceca caacttttece ccctaaccct 480
ctggtgtgge atctggagag ggcagaaact gcagctaceyg ctgagcgacce atteggegtg 540
agcctgetge ctgcaaggcce aacagtcccce aagaacacta tcectggaaca caaagcetcat 600
tttgcaactt gggatgcact ggcccgecac accttetttt ctgctgagge aatcattaca 660
aatagtactc tgcgcattca tgtcccectg ttegggagtyg tgtggectat ccgatactgg 720
gecactgget cagtgctget gacctcectgac agtgggaggg tcgaagtgaa tattggagtg 780
ggctttatgt ctagtctgat cagectgtca agcggectge caatcgaget gattgtggte 840
cceccacacag tcaagctgaa cgccgtgact tecgatacca catggttceca gctgaatcca 900
ccaggacctg acccaggacce atcttaccga gtgtatctge tggggcgagyg actggacatg 960
aactttagta agcacgcaac cgtggatatc tgcgcctacc ccgaggaatc actggactac 1020
agatatcacc tgagcatggc acatacagag gccctgagga tgactaccaa agccgaccag 1080
cacgatatca acgaggaatc ttactaccat atcgcagcca ggattgctac ctccatctte 1140
gcactgtcetyg agatgggccg cacaactgaa tattttctge tggacgagat cgtcgatgtg 1200
cagtaccagc tgaagttcct gaactatatt ctgatgcgaa tcggagcagg agctcaccca 1260
aatacaattt caggaactag cgacctgatc tttgccgatc cttcacagct gcatgatgaa 1320
ctgagcectge tgttcggeca ggtcaaacce gcaaacgtgg actactttat ctcatatgac 1380
gaggcccgayg atcagctgaa gaccgcatac gcactgagec ggggccagga ccacgtgaat 1440
gctetgtecee tggcacggag agtcatcatg tctatctaca aggggctgcet ggtgaaacag 1500
aacctgaatg ccacagagcg gcaggccctg ttetttgceta gcatgatcct getgaactte 1560
agagagggac tggaaaacag cagccgggtg ctggatggac gaaccacact gctgetgatg 1620
acctctatgt gcacagctgce acacgctact caggccgcectce tgaacatcca ggaggggctg 1680
gcatacctga atcctagcaa gcatatgttt acaattccca acgtgtatag tccttgtatg 1740
ggatcactga ggaccgacct gacagaggaa attcacgtga tgaacctgct gagtgccatc 1800
cctaccegece caggcctgaa tgaggtgctg catacacage tggacgagag cgaaatttte 1860
gatgcagcect ttaaaacaat gatgatcttc actacctgga ctgccaagga tctgcacatce 1920
ctgcacaccce atgtcccaga agtgtttaca tgccaggacg ctgcagcccg gaatggcgag 1980
tacgtcctga ttctgccage cgtgcagggg cattcctatg tcatcaccag aaacaagccce 2040
cagaggggcce tggtgtactce tcectggctgac gtcgatgtgt acaatcccat cagecgtggtce 2100
tatctgtcca gagatacttg tgtgagcgag cacggggtca ttgaaaccgt ggccctgect 2160
catccagaca acctgaaaga atgcctgtac tgtgggtcecg tgttecctgeg gtatctgaca 2220
actggagcta tcatggatat cattatcatt gacagcaagg atacagagag acagctggct 2280
gcaatgggga actccactat tcctccectte aaccctgaca tgcacggaga cgatagcaaa 2340
gcegtgectge tgtteccaaa tgggactgtg gtcaccctge tgggatttga aaggcgccag 2400
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328

-continued
gccatcagga tgtccgggca gtacctggga gcecttectcectgg gaggagectt cctggcetgtyg 2460
gtcggatttyg gcatcattgg atggatgctg tgcggcaact ccagactgag ggagtataat 2520
aagatccccee tgacccgegg acgaaaacga cggtccatgg cctcetcacaa gtggetgetg 2580
cagattgtgt tcctgaaaac catcacaatt gcttactgecc tgcatctgca ggacgatacc 2640
cctetgttet ttggcgcaaa gccactgagt gatgtgtcac tgatcattac agaaccttgt 2700
gtcagttcag tgtacgaggc atgggactat gccgctccece ctgtgagcaa cctgtccgaa 2760
gccetgtecg gecattgtggt caagaccaaa tgtcccgtec ctgaagtgat cctgtggtte 2820
aaggataaac agatggccta ctggaccaat ccatatgtga cactgaaagg gctggctcag 2880
agtgtcggag aggaacacaa gtcaggcgac atcagagatg cactgctgga cgccctgtcet 2940
ggcgtctggyg tggatagtac tcctagetcecce accaacattce cagagaatgg atgegtgtgg 3000
ggagcagacc gactgttcca gagagtgtgt cagtgataac tcgag 3045

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 101
H: 529
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: pVZV-gMgN amino acid sequence

<400> SEQUENCE: 101

Met Gly Thr
1

Asp Thr Thr
Leu Asn Trp
35

Ala Val Met
50

Gly Ile Pro
65

Ala Thr Leu

Ala Pro Val

Tyr Thr Ala

115

Ala Ala Ile
130

Ser Gly Val
145

Leu Leu Ser

Lys Gln Ile

Ser Val Ile

195

Thr Asn Ile
210

Tyr Arg Leu
225

Ala Leu Met

Gln Lys Lys Gly Pro

5

Thr Pro Glu Val Glu

20

Arg Ile Trp Ile Ile

40

Leu Leu Ala Thr Leu

55

Cys Phe Tyr Ala Ala

70

Asp Gly Gly Val Trp

Leu Phe Leu Glu Pro

100

Leu Thr Ala Met Ala

120

Ile His Arg Glu Thr

135

Ala Trp Leu Val Val
150

Leu Trp Leu Leu Asn

165

Gly Val Ala Ala Thr

180

Phe Thr Thr Tyr Phe

200

Lys Ala Val Ala Asn

215

Ala Gly Pro Thr Arg
230

Ala Ile Cys Ile Leu

245

Arg

Ala

Gln

Ile

Val

Ser

His

105

Met

Lys

Asp

Ala

Leu

185

Cys

Leu

Ala

Phe

Ser

10

Leu

Val

Ala

Val

Gly

Ser

Ala

Asn

Pro

Val

170

Tyr

Gly

Arg

Val

Val
250

Glu

Asp

Met

Ala

Asp

75

Asn

Val

Val

Gln

Thr

155

Val

Leu

Arg

Gln

Phe
235

Ser

Lys Val Ser
His Gln Met
30

Met Phe Thr
45

Ser Ser Glu
60

Tyr Glu Leu

Arg Gly Gly

Val Ala Phe

110

Tyr Thr Leu
125

Arg Val Arg
140

Thr Leu Phe

Leu Leu Leu

Gly His Phe
190

Gly Lys Leu
205

Gln Ser Val
220

Val Asn Leu

Leu Met Leu

Pro Tyr
15

Asp Thr

Leu Gly

Tyr Thr

Phe Asn
80

Tyr Ser
95

Thr Tyr

Ile Thr

Gln Ser

Trp Gly
160

Ala Tyr
175

Ala Thr

Asp Glu

Phe Leu

Met Ala

240

Glu Leu
255
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-continued

Val Val Ala Asn His Leu His Thr Gly Leu Trp Ser Ser Val Ser Val
260 265 270

Ala Met Ser Thr Phe Ser Thr Leu Ser Val Val Tyr Leu Ile Val Ser
275 280 285

Glu Leu Ile Leu Ala His Tyr Ile His Val Leu Ile Gly Pro Ser Leu
290 295 300

Gly Thr Leu Val Ala Cys Ala Thr Leu Gly Thr Ala Ala His Ser Tyr
305 310 315 320

Met Asp Arg Leu Tyr Asp Pro Ile Ser Val Gln Ser Pro Arg Leu Ile
325 330 335

Pro Thr Thr Arg Gly Thr Leu Ala Cys Leu Ala Val Phe Ser Val Val
340 345 350

Met Leu Leu Leu Arg Leu Met Arg Ala Tyr Val Tyr His Arg Gln Lys
355 360 365

Arg Ser Arg Phe Tyr Gly Ala Val Arg Arg Val Pro Glu Arg Val Arg
370 375 380

Gly Tyr Ile Arg Lys Val Lys Pro Ala His Arg Asn Ser Arg Arg Thr
385 390 395 400

Asn Tyr Pro Ser Gln Gly Tyr Gly Tyr Val Tyr Glu Asn Asp Ser Thr
405 410 415

Tyr Glu Thr Asp Arg Glu Asp Glu Leu Leu Tyr Glu Arg Ser Asn Ser
420 425 430

Gly Trp Glu Arg Gly Arg Lys Arg Arg Ser Met Gly Ser Ile Thr Ala
435 440 445

Ser Phe Ile Leu Ile Thr Met Gln Ile Leu Phe Phe Cys Glu Asp Ser
450 455 460

Ser Gly Glu Pro Asn Phe Ala Glu Arg Asn Phe Trp His Ala Ser Cys
465 470 475 480

Ser Ala Arg Gly Val Tyr Ile Asp Gly Ser Met Ile Thr Thr Leu Phe
485 490 495

Phe Tyr Ala Ser Leu Leu Gly Val Cys Val Ala Leu Ile Ser Leu Ala
500 505 510

Tyr His Ala Cys Phe Arg Leu Phe Thr Arg Ser Val Leu Arg Ser Thr
515 520 525

Trp

<210> SEQ ID NO 102

<211> LENGTH: 1611

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pVZV-gMgN nucleic acid sequence

<400> SEQUENCE: 102

aagcttgeca ccatgggecac acagaagaag ggacccegga gegagaaagt ctcaccatac 60
gacacaacaa cccccgaggt ggaggcactyg gatcatcaga tggacactcet gaactggagg 120
atttggatca ttcaggtcat gatgttcaca ctgggagetg tcatgetget ggcaactcetg 180
atcgcegeta gectccgaata caccggeatt ceetgettet atgecageegt ggtcgactac 240
gagctgttta acgctacact ggatggagga gtgtggtceg gaaatcgagyg aggatattcet 300
gecccagtge tgttectgga accccacage gtggtegect tcacctacta taccgeectg 360
acagccatgg ctatggcagt gtacactetg atcaccgetg caatcattca tcgggagacce 420

aagaaccaga gagtgaggca gtctagtgga gtegeatgge tggtggtega cccaaccaca 480
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-continued
ctgttetggg ggctgetgag cctgtggetyg ctgaatgetyg tggtectget getggeatat 540
aaacagatcg gagtggecge tactctgtac ctgggccact ttgecaccte tgtgatttte 600
actacctatt tttgcgggag aggaaagctg gatgaaacaa acatcaaagce cgtggctaat 660
ctgaggcage agagegtett cctgtaccga ctggcaggac caactceggge tgtgtttgte 720
aacctgatgg cagccctgat ggccatctgt attetgtteg tgagectgat getggaactg 780
gtggtcgcaa atcacctgca taccggectg tggtcaageyg tgtccegtege catgtctacce 840
ttcagcacte tgtcagtggt ctatctgatc gtgagtgage tgattctgge ccactacate 900
catgtgctga ttggaccctce actgggaacce ctggtcegeat gegcaaccct gggaacaget 960
gcacactcct atatggacag actgtacgat cctatcageg tgcagtcccce cagactgatt 1020
cctacaacta gggggacact ggcttgtctg gcagtgttet ctgtggtcat getgetgetg 1080
cgactgatgc gggcttacgt gtatcaccgg cagaagcgca gtcgatttta tggagcagtg 1140
cggagagtcee ctgagegggt gagaggatac atccgcaagyg tcaaacctge ccatcgaaac 1200
agtaggcgca ccaattatcc atcacagggc tacggctatg tgtacgaaaa cgatagcact 1260
tatgagaccg acagagagga tgaactgctg tacgaaagga gtaattcagg gtgggagagg 1320
ggacgcaaac gacggtctat ggggagtatc acagcttcct tcatcctgat tactatgcag 1380
attctgttcet tttgcgagga ctecctcetgga gaaccaaact tcgccgageg caatttttgg 1440
cacgcaagct gttcecgccag aggcgtgtat atcgatggga gcatgattac cacactgttce 1500
ttttacgecct cecctgctggg agtgtgegte gctetgatet ctcectggecta ccatgettgt 1560
ttcagactgt ttaccagatc agtgctgcgce agcacatggt gataactcga g 1611

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 103
H: 892
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: pCeHV1-gB amino acid sequence

<400> SEQUENCE: 103

Met Arg Pro
1

Leu Leu Ala
Ala Ala Thr

35
Pro Ala Ala
Gly Ala Ala
65

His Ala Thr

Asp Ala Thr

Gln Phe Glu

115

Tyr Thr Glu
130

Lys Phe Lys
145

Arg Ala Gly Pro Leu

5

Leu Ala Leu Leu Ala

20

Pro Val Val Ser Pro

40

Thr Pro Thr Phe Pro

55

Pro Gly Ala Pro Gly

70

Leu Arg Glu Asn Leu

85

Phe Tyr Val Cys Pro

100

Gln Pro Arg Pro Cys

120

Gly Ile Ala Val Ile

135

Ala Thr Met Tyr Tyr
150

Pro Leu Pro
10

Ala Thr Arg
25

Arg Ala Ser

Asp Asp Asp

Thr Asn Ala

75

Arg Asp Ile
90

Pro Pro Thr
105

Pro Arg Ala

Phe Lys Glu

Lys Asp Val
155

Ser Pro Leu
Pro Leu Gly
30

Pro Ala Pro
45

Asn Asp Gly
60

Ser Val Glu

Lys Ala Leu
Gly Ala Thr
110

Pro Asp Gly
125

Asn Ile Ala
140

Thr Val Ser

Val Pro
15

Pro Ala

Pro Val

Glu Ala

Ala Gly

80

Asp Gly

95

Val Val

Gln Asn

Pro Tyr

Gln Val
160
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334

Trp

Ala

Ala

Lys

225

Tyr

Asn

Glu

Gly

Arg

305

Arg

Phe

Leu

Pro

Asn

385

Gly

Asn

Gly

Glu

Asp

465

Arg

Tyr

Ile

Ala

Arg
545

Pro

Phe

Pro

Cys

Phe

210

Ala

Asn

Cys

Phe

Tyr

290

Phe

Arg

Thr

Thr

Ser

370

Arg

Arg

Gly

Gly

Leu

450

Ala

Ile

Asp

Ala

Arg
530
Val

Pro

Ala

Gly

Val

Arg

195

His

Ala

Pro

Ile

Val

275

Arg

Arg

Ala

Val

Lys

355

Phe

Thr

Glu

Thr

Phe

435

Tyr

Ala

Lys

His

Trp

515

Lys

Ser

Val

Arg

His

Pro

180

Ser

Arg

Thr

Ser

Val

260

Leu

Asp

Gln

Ser

Gly

340

Trp

Arg

Glu

Ala

His

420

Leu

Val

Ala

Thr

Ile

500

Cys

Leu

Ala

Thr

Pro

Arg

165

Phe

Thr

Asp

Arg

Arg

245

Glu

Ala

Gly

Val

Thr

325

Trp

Gln

Phe

Tyr

Arg

405

Val

Ile

Arg

Thr

Thr

485

Gln

Glu

Asn

Arg

Pro
565

Gly

Tyr

Glu

Ala

Asp

Thr

230

Ile

Glu

Thr

Ala

Asp

310

Pro

Asp

Glu

Ser

Ala

390

Glu

Lys

Ala

Glu

Pro

470

Ser

Arg

Leu

Pro

Met
550

Asp

Thr

Ser

Glu

Lys

Asp

215

Ser

Glu

Val

Gly

His

295

Gly

Ala

Trp

Val

Ser

375

Leu

Ala

Val

Tyr

Leu

455

Lys

Ser

His

Gln

Asn
535
Leu

Asn

Cys

Gln

Val

Tyr

200

Glu

Arg

Ala

Glu

Asp

280

Ala

Tyr

Thr

Ala

Asp

360

Ser

Ser

Val

Gly

Gln

440

Leu

Pro

Val

Val

Asn

520

Ala

Gly

Val

Tyr

Phe

Ile

185

Val

Ser

Gly

Phe

Ala

265

Phe

Glu

Tyr

Arg

Pro

345

Glu

Ala

Arg

Asp

Gln

425

Pro

Arg

Ser

Glu

Asn

505

His

Ile

Asp

Ile

Ser

Met

170

Asp

Arg

Asp

Trp

His

250

Arg

Val

His

Glu

Asn

330

Lys

Met

Leu

Val

Arg

410

Val

Leu

Glu

Ala

Phe

490

Asp

Glu

Ala

Val

Met
570

Arg

Gly

Lys

Asn

Met

His

235

Arg

Ser

Tyr

Thr

Arg

315

Leu

Arg

Leu

Ser

Asp

395

Ile

Gln

Leu

Gln

Asp

475

Ala

Met

Leu

Ser

Met
555

Gln

Pro

Ile

Ile

Asn

Lys

220

Thr

Tyr

Val

Met

Ala

300

Asp

Leu

Pro

Arg

Thr

380

Leu

Phe

Tyr

Ser

Glu

460

Pro

Arg

Leu

Thr

Ala

540

Ala

Asn

Leu

Phe

Asn

Met

205

Leu

Thr

Gly

Tyr

Ser

285

Tyr

Leu

Thr

Ser

Ala

365

Thr

Gly

Leu

Tyr

Asn

445

Arg

Pro

Leu

Gly

Leu

525

Thr

Val

Ser

Val

Glu

Ala

190

Glu

Lys

Asp

Thr

Pro

270

Pro

Ala

Ser

Thr

Val

350

Glu

Phe

Asp

Arg

Leu

430

Ala

Arg

Asp

Gln

Arg

510

Trp

Val

Ser

Met

Ser

Asp

175

Arg

Ser

Pro

Leu

Thr

255

Tyr

Phe

Ala

Thr

Pro

335

Cys

Tyr

Thr

Cys

Arg

415

Ala

Leu

Pro

Val

Phe

495

Ile

Asn

Gly

Thr

Arg
575

Phe

Arg

Gly

Thr

Ala

Lys

240

Val

Asp

Tyr

Asp

Gly

320

Lys

Thr

Gly

Thr

Val

400

Tyr

Thr

Val

Gly

Glu

480

Thr

Ala

Glu

Arg

Cys

560

Val

Arg
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580 585 590

Tyr Glu Glu Gly Gly Pro Leu Val Glu Gly Gln Leu Gly Glu Asp Asn
595 600 605

Glu Ile Arg Leu Glu Arg Asp Ala Leu Glu Pro Cys Thr Val Gly His
610 615 620

Arg Arg Tyr Phe Thr Phe Gly Ala Gly Tyr Val Tyr Phe Glu Asp Tyr
625 630 635 640

Ala Tyr Ser His Gln Leu Gly Arg Ala Asp Val Thr Thr Val Ser Thr
645 650 655

Phe Ile Asn Leu Asn Leu Thr Met Leu Glu Asp His Glu Phe Val Pro
660 665 670

Leu Glu Val Tyr Thr Arg Gln Glu Ile Lys Asp Ser Gly Leu Leu Asp
675 680 685

Tyr Thr Glu Val Gln Arg Arg Asn Gln Leu His Ala Leu Arg Phe Ala
690 695 700

Asp Ile Asp Thr Val Ile Lys Ala Asp Ala His Ala Ala Leu Phe Ala
705 710 715 720

Gly Leu Tyr Ser Phe Phe Glu Gly Leu Gly Asp Val Gly Arg Ala Val
725 730 735

Gly Lys Val Val Met Gly Ile Val Gly Gly Val Val Ser Ala Val Ser
740 745 750

Gly Val Ser Ser Phe Leu Ser Asn Pro Phe Gly Ala Leu Ala Val Gly
755 760 765

Leu Leu Val Leu Ala Gly Leu Ala Ala Ala Phe Phe Ala Phe Arg Tyr
770 775 780

Val Met Arg Leu Gln Arg Asn Pro Met Lys Ala Leu Tyr Pro Leu Thr
785 790 795 800

Thr Lys Glu Leu Lys Ser Asp Gly Pro Ser Pro Ala Gly Asp Gly Gly
805 810 815

Asp Gly Ala Ser Gly Gly Gly Glu Glu Asp Phe Asp Glu Ala Lys Leu
820 825 830

Ala Gln Ala Arg Glu Met Ile Arg Tyr Met Ala Leu Val Ser Ala Met
835 840 845

Glu Arg Thr Glu His Lys Ala Arg Lys Lys Gly Thr Ser Ala Leu Leu
850 855 860

Ser Ala Lys Val Thr Asn Met Val Met Arg Lys Arg Ala Lys Pro Arg
865 870 875 880

Tyr Ser Pro Leu Gly Asp Thr Asp Glu Glu Glu Leu
885 890

<210> SEQ ID NO 104

<211> LENGTH: 2679

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pCeHV1-gB nucleic acid sequence

<400> SEQUENCE: 104

atgagaccte gecgecggace cctgeccctg ccttecaccee tggtgecect getggeccetg 60
getetgetgyg ctgcaacceg accectggge cctgecgetg caaccccagt ggtctcacec 120
agagcaagcce ctgccectece cgtgecagea gctacaccta ctttcececcaga cgatgacaac 180
gatggagagg caggagcagc accaggagct cctggcacaa acgcatcegt ggaggetgge 240

cacgcaactce tgagggaaaa tctgecgegac atcaaggecce tggacggaga tgctacatte 300
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tacgtgtgce cacccectac aggagcaact gtggtccagt ttgagcagece tcgaccatgt 360
cceegggete cagatggaca gaactacacce gagggcateg cagtgatttt caaggaaaac 420
atcgcacctt acaagtttaa agccacaatg tactacaaag acgtgactgt ctcccaagtg 480
tggtteggee accggtactce tcagttcatg gggatttttg aggatagage ccctgtgcca 540
tttgaggaag tcatcgacaa gattaatgca agaggcgtcet gcaggagcac cgccaaatat 600
gtgaggaaca atatggagag cacagctttc catcgegatg acgatgaatc cgatatgaag 660
ctgaaaccag caaaggctgc aacccgaaca tcacgggggt ggcacaccac agacctgaaa 720
tacaacccca gccgaatcga ggecttecat cggtatggaa ctaccgtgaa ttgtattgtg 780
gaggaagtcyg aggcccggag cgtgtaccca tatgatgaat ttgtcctgge tacaggcgac 840
ttegtgtaca tgtcaccett ttacggetat cgegacgggyg ctcacgcaga gcatactgee 900
tatgcecgetyg acaggttccg ccaggtggat ggatactatg aacgggacct gtctactgge 960
cggagagcaa gtacccctge cacaagaaac ctgctgacaa ctccaaagtt taccgtggga 1020
tgggattggg ccccaaagag gccctcecgte tgcactcetga ccaaatggca ggaagtggac 1080
gaaatgctga gggcagagta cggcccaagt ttccgecttta gcetectectge cctgtcaacce 1140
acattcacta ccaatcggac cgaatatgcc ctgtctagag tggacctggg agattgcgtg 1200
ggcagagagyg ccagggaagce tgtggatcge atcttectga ggcgctacaa cgggactcac 1260
gtgaaagtcg gacaggtgca gtactatctg gctaccggeg ggtttcetgat tgcataccag 1320
cctectgetgt ctaatgcect ggtggagetg tatgtcecgeg aactgcectgceg agagcaggaa 1380
cgacggcecag gcgacgcagce agctacacca aagectagtyg ctgacccacce cgatgtcgag 1440
aggatcaaaa caactagttc agtggaattc gcccgcectge agtttaccta tgatcacatt 1500
cagcggcatg tgaacgacat gctggggaga atcgccattg cttggtgcga getgcagaac 1560
catgaactga ccctgtggaa tgaggccagg aagctgaacc ccaatgcaat cgcctcaget 1620
acagtgggcce ggcgggtgag cgcccgaatg ctgggagatg tgatggcagt ctceccacttgce 1680
gtgcctgtceca ccccagacaa cgtcattatg cagaattcta tgcgggtgcece cgccagacct 1740
ggcacctgtt acagcagacc cctggtgtcce ttcaggtatg aggaaggcgg ccctcectggtyg 1800
gagggacagce tgggagagga taacgaaatc cgcctggage gagacgctcet ggaaccctgt 1860
actgtgggcce accgccgata cttcaccttt ggagccgget acgtgtattt tgaggattac 1920
gcctattete atcagetggg gcgggctgac gtgaccacag tcagtacctt catcaacctg 1980
aatctgacaa tgctggagga tcacgaattt gtgcctcetgg aggtctacac acggcaggaa 2040
attaaggaca gcgggctgcect ggattatact gaggtgcagce ggagaaatca gctgcacgcet 2100
ctgagattcg cagacatcga taccgtgatt aaggcagatg cccatgcagce cctgtttgece 2160
ggactgtaca gcttctttga aggactggga gacgtgggac gagctgtcgg aaaagtggtce 2220
atgggcatcg tgggcggegt ggtgagcgce gtgagcgggg tcagctcectt cctgagcaac 2280
ccttttggeg ctectggcagt gggactgctg gtectggcag gactggctge agecttettt 2340
gccttcagat acgtgatgcg gctgcagaga aatccaatga aggccctgta tccectgact 2400
accaaggagc tgaaatccga cggaccatct ccagcaggeg acggcgggga tggagcetage 2460
ggaggcgggyg aggaagactt tgatgaggct aaactggccec aggctaggga aatgattcege 2520
tacatggcce tggtgtccge tatggagege acagaacaca aggcccgaaa gaaaggcact 2580
agtgcactgce tgtcagccaa agtgaccaac atggtcatga gaaagagagc caagccacga 2640
tattcaccac tgggcgatac cgacgaagag gaactgtga 2679
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<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Met

1

Ile

Pro

Ser

Glu

65

Pro

Thr

Ile

Asn

Ala

145

Phe

Ala

Ser

225

Trp

Arg

Glu

Leu

Glu

305

Pro

Arg

Ser

Ser

Leu

Met

Trp

50

Pro

Leu

Ala

Thr

Lys

130

Ala

Leu

Thr

Asp

Gly

210

Phe

Leu

Ser

Leu

Arg

290

Val

Ala

Tyr

Ala

Ala

Ala

Arg

35

Tyr

Ser

Gly

Pro

Thr

115

Thr

Pro

Gly

His

Pro

195

Phe

Arg

Val

Pro

Ala

275

Phe

Leu

Met

Arg

Ile
355

Arg

Gly

20

Ala

Arg

Arg

Leu

Leu

100

Pro

Ala

Thr

Asn

Ala

180

Ser

Pro

Glu

Ala

Ser

260

Phe

Met

Val

Asn

Thr
340

Glu

SEQ ID NO 105
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: pCeHV1-gHgL amino acid

1088

105

Arg

5

Leu

Leu

Asp

Leu

Leu

85

Leu

Glu

Leu

Pro

Pro

165

Pro

Gly

Pro

Leu

Ala

245

Ser

Gly

Gly

Val

Glu
325

Phe

Ala

Arg

Ala

Glu

His

Trp

Ala

Arg

Phe

Leu

Arg

150

Ser

Val

Asp

Asp

Ser

230

Gly

Ala

Cys

Leu

Pro
310
Pro

Val

Leu

Asp

Ile

Arg

Pro

55

Leu

Pro

Trp

Pro

Gly

135

Ala

Ala

Trp

Ile

Ala

215

Ala

Leu

Thr

Asp

Ser

295

Ala

Leu

Ile

Arg

Arg

Ala

Glu

40

Arg

Pro

Pro

Ala

Arg

120

Leu

Pro

Ala

Asn

Ala

200

Gly

Ala

Leu

Trp

Ala

280

Leu

Ala

Val

Gly

Arg
360

Ser

Ala

25

His

Met

Asn

Ala

Thr

105

Asn

Pro

Gln

Ala

Pro

185

Pro

Pro

His

Arg

Pro

265

Ala

Ser

Glu

Leu

Ser
345

Ala

Thr

10

Gly

Tyr

Arg

Leu

Glu

90

Pro

Pro

Ala

Leu

Leu

170

Arg

Thr

Ala

Leu

Ala

250

Leu

Leu

Met

Thr

Pro
330

Val

Ala

Gly

Ser

Trp

Ala

Pro

75

Leu

Arg

Gly

Asn

Val

155

Leu

Ser

His

Asp

Asn

235

Pro

Ala

Val

Arg

Leu
315
Gly

Val

Arg

Met

Ala

Val

Tyr

60

Asn

Asn

Ser

Gln

Ala

140

Ala

Arg

Leu

Ala

Ala

220

Asn

Ser

Ile

Arg

Asp

300

Ala

Pro

Asp

Tyr

sequence

Pro

Ala

Ala

45

Trp

Ala

Leu

Cys

Leu

125

Ser

Gln

Ser

Val

Pro

205

Asp

Ala

Ala

Trp

Ala

285

Ser

Leu

Pro

Pro

Pro
365

Val

Val

30

Gln

Arg

Thr

Thr

Phe

110

Leu

Leu

Leu

Arg

Arg

190

Arg

Pro

Ser

Leu

Ala

270

Arg

Ala

Ile

Pro

Arg
350

His

Cys

15

Pro

Ala

Asp

Lys

Val

95

Leu

Tyr

Pro

Arg

Ala

175

Pro

Pro

Arg

Gly

Val

255

Thr

Tyr

Pro

Gly

Gly

335

Asn

Glu

Trp

Ala

Asp

Gly

Leu

80

Ala

Phe

Val

Ala

Gly

160

Trp

Pro

Pro

Ile

Thr

240

Tyr

Gly

Gly

Ala

Pro
320
Lys

Val

Asp
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-continued

342

Ala

Glu
385

Ala

Arg

465

Ala

Phe

Ala

Leu

Leu

545

Thr

Asp

Ser

Cys

Asp

625

Ala

Ala

Ala

Trp

Gly

705

Tyr

Arg

Gly

370

Gly

Ser

Ala

Val

Pro

450

Ala

Arg

Ala

His

Asp

530

Arg

Arg

Val

Asp

Ala

610

Thr

Gln

Asn

Gly

Asn

690

Tyr

Leu

Leu

Phe

Asp
770

His

Pro

Ala

Arg

Arg

435

Gly

Glu

Asp

Leu

Thr

515

Ala

Ala

Gly

Ala

His

595

Ala

Leu

Lys

Ala

Pro

675

Ala

Arg

Thr

Thr

Met
755

Ser

Glu

Ser

Leu

Gly

420

Val

Thr

Leu

Gln

Gly

500

Leu

Pro

Pro

Arg

Val

580

Arg

Ser

Ala

Thr

Leu

660

Thr

Ser

Leu

Glu

Arg
740

Arg

Asp

His

Val

Leu

405

Met

Ile

Pro

Glu

Arg

485

Asp

Asp

Ala

Ala

Arg

565

Ala

Lys

Leu

His

Gln

645

Ile

His

Tyr

Ala

Thr

725

Thr

Tyr

His

His

Glu

390

Ala

Leu

Ala

Phe

Ser

470

Leu

Pro

Thr

Val

Glu

550

Ser

Thr

Thr

Arg

Thr

630

Gly

Arg

Asn

Val

Gly

710

Cys

Glu

Thr

Thr

Leu Ser Arg Ala Tyr Ala Glu Ile Phe
375 380

Pro Gly Pro Arg Pro Pro Leu Phe Trp
395

Thr Ser Gly Phe Ala Phe Thr Glu Thr
410 415

Arg Leu Ser Asp Leu Val Asp Phe Leu
425 430

Asn Leu Ala Leu Arg Gly Ala Ala Gly
440 445

Ala Arg Ala Pro Leu Trp Ala Ala Pro
455 460

Arg Leu Gly Arg Leu Ala Ala Glu Ala
475

Ser Ala Leu Ala Val Ala Tyr Gln Val
490 495

Ala Ile Ala Glu Ala Val Ala Pro Ser
505 510

Leu Tyr Ala Glu Phe Leu Arg Gly Arg
520 525

Arg Arg Ala Leu Phe Tyr Ala Thr Ala
535 540

Arg Gly Gly Ala Pro Ser Asp Ala Gln
555

Leu Leu Leu Ala Ser Ala Met Cys Thr
570 575

His Thr Asp Leu Arg Asp Ala Leu Asp
585 590

Phe Phe Tyr Ala Pro Asp His Phe Ser
600 605

Phe Asp Leu Ala Glu Arg Ser Phe Val
615 620

Pro Arg Ser Asn Val Ser Val Glu Ala
635

Val Ala Ser Ala Leu Thr Arg Trp Ala
650 655

Ala Phe Val Pro Glu Ala Ala Gln Thr
665 670

Ala Glu Pro Leu Val Val Leu Pro Val
680 685

Val Thr His Ala Pro Leu Pro Arg Gly
695 700

Val Asp Val Arg Arg Pro Leu Phe Leu
715

Glu Gly Arg Thr Arg Glu Ile Glu Pro
730 735

Thr Arg Arg Asp Leu Gly Leu Val Gly
745 750

Pro Ala Gly Glu Ile Met Ser Ala Leu
760 765

Gln Gln Gln Leu Ala Gly Gly Pro Leu
775 780

Gly

Arg

400

Thr

Ala

Cys

Ala

Val

480

Ala

Ala

Gly

Val

Val

560

Ser

Arg

Pro

Met

Met

640

His

Cys

Thr

Val

Thr

720

Lys

Ala

Val

Ala
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344

Gly
785

Leu

Pro

Thr

Ser

865

Ala

Ala

Pro

Tyr

Asp

945

Pro

Phe

Glu

Pro

Asp

Ile

Pro

Thr

Ala

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Gly

Phe

Leu

Val

Cys

850

Phe

Ser

Ala

Ala

Ala

930

Thr

Phe

Pro

Val

Val

1010

Cys
1025

Arg
1040

Gln
1055
His
1070

Arg
1085

Val

Pro

Ala

Leu

835

Val

Leu

Pro

Arg

Gly

915

Arg

Val

Leu

Ala

Arg

995

Pr

Pr

Ar

Se

Gl

Pr

Asp Val P
7

Asn Gly T
805

Thr Ile T
820

he Val Ser
90

hr Val Ile

hr Pro Gly

Ile Ala Ala Ala Ile

Pro Ser L
Arg Ser V
8

Ser Pro S
885

Thr Val G
900

Gly Val T

Ile Asp G

840

eu Trp Ser
855

al Ser Ala
70

er Pro Pro

ly Asp Ile

hr Trp Arg
920

ly Ile Phe
935

Val Trp Asp Gly Lys

9

50

Phe Ala Ala Gly Phe

965

Asn Ala L

980

Leu Ala L

o Pro Gly

o Asp Gly

g Pro Phe

r Leu Ala

u Pro Ala

o Arg Ala

SEQ ID NO 106
LENGTH: 3267
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: pCeHV1-gHgL nucleic acid sequence

SEQUENCE: 106

atgtccgcaa gaagacggga

ctggctateg

cactactggg

tggagggacg

ccactgggac

ctgccgggag

tggctcagge

gagagcctte

tgctggecce

eu Glu Thr
eu Ala Ser
1000

Cys Val As
1015

Arg Thr Pr
1030

Ser Ala Pr
1045

Pro Ala Pr
1060

Arg Lys Pr
1075

ccgaageact
cgecegeagty
agactcctygg
tcegectgtygyg

tccegetgaa

Asp Val Pro
795

His Leu Leu
810

Val Leu Ala
825

Val Gly Leu

Arg Glu Arg

Ala Pro Ser

875

Val Glu Tyr
890

Leu Lys Phe
905

Tyr Glu Ala

Leu Arg Tyr

Ala Gln Arg

955

Leu Glu Asp
970

Thr Thr Arg
985

Ser Thr Ala

Ala Phe Asp

Ala Ser Val
830

Ala Arg Val
845

Gly Arg Lys
860

Val Val Ser

Val Ile Arg

Ala Cys Leu
910

Pro Arg Ser
925

His Cys Pro
940

Ala Tyr Trp

Leu Gly His

Phe Ala Leu
990

Arg Ser Asp Ala Ala S

1005

p Ala Glu Tyr Ser Arg

1020

o Gly Ile Trp Asn Glu

1035

o Asn Asp Glu Ala Ser

1050

o Thr Pro Thr Pro Pro

1065

Leu Leu
800

Thr Leu
815

Leu Gly
Ala Trp
Arg Arg
Pro Ala

880

Ser Val
895

Glu Leu
Ile Asp
Gly Leu
Val Asn

960

Ala Leu

975

Tyr Lys

er Ser Thr

Thr Arg

Pro Arg

Pro Gln

Gly Arg

o Arg Gly Asn Ala Thr Arg Thr

ggaatgcctyg

ccegetecta

tatcgcgatce

ctgcccaace

ctgaacctga

1080

tctgttggat

tgcgagcact

atccacgaat

tgcctaatge

cegtggcaac

cctggetgga

dgagcgggaa

gcgagcatac

cacaaagctyg

agctceecty

60

120

180

240

300
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-continued
ctgagatggg caacccctceg cagctgette ctgtttatca ccacaccaga gtttecccegg 360
aaccctggge agcetgetgta tgtgaacaag accgecctge tgggactgec agcaaatgece 420
agcctgectyg cagcetgcacce aacccccaga geccctcage tggtegcecca gcetgegagga 480
ttecctgggaa acccatcecge cgctgcactg ctgagatcta gggectgggt cacacacget 540
ccegtgtgga atccaagaag cctggtcagg ccaccegtgg accctteegyg cgatatcgea 600
ccaactcatg ctcctegece tccagcagga tteccteeeg atgetggace agetgacgca 660
gatcctegea tttecttteg agagetgtcet gecgetcace tgaacaatgce cagcggaacce 720
tggctggteg ccgcaggact getgcgagca ccaagcegecce tggtcectateg gtcecccaage 780
tcegecacat ggccactgge tatctgggea actggcegage tggecttegyg gtgtgacget 840
gcactggtyge gcgcacgata cggactgegg ttcatgggece tgtcactgag catgagggat 900
agcgecccag ctgaggtgct ggtcegtgeca gecgetgaaa cactggcact gattgggceca 960
ccegecatga acgagecact ggtgctgeca ggacctcecac ceggcaageyg gtacagaacce 1020
tttgtgatcg gaagtgtggt cgaccccaga aatgtctcag ccattgaage tetgcggaga 1080
gcagccaggt atcctcacga ggatgccgge catgaacacc atctgtctag agcatacgece 1140
gagatcttceg gagaaggacce cagtgtggag cctggaccac gacctccact gttttggegg 1200
gtgtctgcac tgctggccac tagtggattc gettttaceg aaactaccag ggcccgeggce 1260
atgctgaggce tgagcgacct ggtggatttce ctggcccacg tgagagtcat tgctaacctg 1320
gcactgagag gcgecgcagg atgcgcacca ggaaccccect ttgctegege accactgtgg 1380
gcagctcecayg cecegggctga gcetggaatca cgactgggec gactggcage agaggcagtg 1440
gccegggace agagactgag cgccctggca gtcgectate aggtggecttt cgcactggge 1500
gatccagcaa tcgctgagge agtggcacct tceccgctgcac acactctgga caccctgtat 1560
gccgaattee tgcgaggacg aggactggat gctccagcag tgaggcgegce cctgttttac 1620
gccacagetyg tectgcgage acctgcagag cggggegggg caccatctga cgeccaagtyg 1680
actagaggcce gacggagtcect getgctggcet tcagcaatgt gcaccagcga tgtggccgte 1740
gctacacata ctgacctgag ggatgccctg gaccggageg atcacagaaa gaccttettt 1800
tacgccectg accattttte cccatgtgce gcttectetga gattcgacct ggccgagagg 1860
tcetttgtga tggatacact ggcccacact cccagaagta acgtgtcagt cgaagcaatg 1920
gcccagaaaa cccagggcgt ggettcectgca ctgacaagat gggcccatgce taatgcactg 1980
attagggcct tcgtgectga ggcagcacag acctgcgetyg gaccaacaca caacgccgaa 2040
ccectggtgg tectgectgt gacttggaat gcttectatg tggtcaccca tgcccectcetg 2100
cctagaggcg tgggatacag gctggcagga gtggacgtgce ggcggcccct gttectgacce 2160
tatctgaccg agacatgtga agggagaaca agggagatcyg aaccaaaaag gctgactcge 2220
accgagacac gccgagatcect gggcectggte ggggccgtgt ttatgaggta cacacccgcet 2280
ggggaaatta tgtcagccct ggtggtcgac agcgatcaca ctcagcagca gctggcceggce 2340
ggacctctgg ccgggggagt ggacgtgttce gtgagcgatg tgccaagcac cgccctgetg 2400
ctgttcccca atggcacagt gatccatctg ctggcttttg acactctgece tetggccact 2460
attaccccag gggtectgge tgcatcegtg ctgggagtgg tcctgatcge cgctgcaatt 2520
gtcggactgg cccgegtgge ttggacctge gtgcectagec tgtggtcccg cgagcgagga 2580
cgaaagcgga gaagttteccect geggtceegtg tcectgeccgete catctgtggt cagtccagcea 2640
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-continued
gcaagtccat caccaagcce tceegtcegaa tacgtgatcec getcectgtgge tgcacgaact 2700
gtcggagaca ttctgaaatt cgcttgectg gagctgccag ccggceggggt gacctggegyg 2760
tacgaagctc ccagaagcat cgactatgcce agaatcgatg gcatttttet gaggtatcac 2820
tgtccaggac tggacaccgt ggtctgggat gggaaggcac agcgcgccta ctgggtgaac 2880
ccattcetgt ttgcecgctgg cttectggag gatctgggge atgccctgtt teccgccaat 2940
gctetggaga caactacccg gtttgccectg tataaagaag tgcgectggce actggcectcece 3000
cggtctgacg cagcctctag taccccagtg ccacccggat gegtcgatge agagtacagt 3060
agaacaaggg actgtcctga tgggcgcact ccaggaatct ggaacgagece ccggattagg 3120
cgeccctttet cagctccaaa tgacgaagca agtcecctcage cacagtcact ggctcccgca 3180
cctacaccaa ctcctecagg ccggacccat gaacccegcta ggaaaccaag aggaaatgcet 3240
acccgaaccg ccagaccaag agcttga 3267
<210> SEQ ID NO 107
<211> LENGTH: 867
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: pCeHV1-gCgD amino acid sequence
<400> SEQUENCE: 107

Met Ala Gly Trp Arg

1

Met

Thr

Ala

Thr

65

Arg

Ala

Ala

Glu

145

Arg

Gln

Pro

Leu

Glu
225

Arg

Trp

Pro

Asn

50

Gly

Ser

Pro

His

Pro

130

Ala

Val

Glu

Ala

Arg
210

Pro

Ala

Leu

Ala

35

Arg

Pro

Ala

Thr

Thr

115

Pro

Arg

Tyr

Leu

Glu

195

Arg

Phe

Ala

5

Ala Ala Gly

Leu Cys Ala Gly Ala

20

Gly Arg Pro Gly Ala

40

Thr Ala Ala Pro Ala

55

Gly Ser Thr Ser Ala

70

Leu Tyr Gly Ser Arg

85

Ala Asp Phe Arg Leu

100

Glu Pro Val Glu Pro

120

Asp Gly Glu Leu Val

135

Val Arg Trp Ala Glu
150

Ser Ile Glu Gly Thr

165

Thr Val Ala Arg Gln

180

Arg Pro Leu Arg Tyr

200

Pro Ser Leu Ser Ile

215

Gly Ala Thr Cys Val
230

Phe Arg Trp Phe Glu

245

Ser Gly Leu
10

Gly Ala Pro

Ser Arg Pro

Arg Gly Arg

Gln Phe Arg
75

Val Val Ile

Gln Ile Trp

105

Gly Ala Val

Tyr Asp Ser

Gly Ala Gly
155

Phe Pro Thr
170

Gly Leu Tyr
185

Gly Thr Trp

Arg Ala His

Ala Ala Asn
235

Gly Gly Gly
250

Cys Leu Phe

Arg Gly Ala

Gly Gly Val

45

Gly Ser Ser
60

Cys Lys Arg

Gly Cys Arg

Arg Val Ala

110

Leu Val Asn
125

Ala Pro Asn
140

Pro Asp Ala

Gln Arg Leu

Leu Trp Ile
190

Thr Arg Val
205

Thr Val Leu
220

Tyr Tyr Pro

Glu Val Val

Val Leu
15

Ala Ser

Glu Arg

Asn Gly

Pro Asp
80

Leu Pro
95

Ala Ala

Val Thr

Arg Thr

Arg Pro
160

Val Ile
175

Arg Gly

Arg Met

Glu Gly

Gly Asp

240

Ala Pro
255
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349

-continued

350

Glu

Thr

Asn

Arg

305

Glu

Pro

Ala

Leu

Tyr
385

Ala

Ala

Arg

465

Gly

Arg

Pro

Phe

545

Arg

Leu

Leu

Cys

625

Ala

Glu

Arg

Ser

Leu

290

Arg

Met

Glu

Glu

Ala

370

Thr

His

Thr

Ile

Arg

450

Arg

Leu

Glu

Phe

Asp

530

Gln

Ala

Val

Thr

Val

610

Pro

Thr

Thr

Val

Thr

275

Thr

Asn

Glu

Gly

Asp

355

Arg

Cys

Gly

Thr

Gly

435

Arg

Gly

Leu

Tyr

Arg

515

Val

Thr

Cys

Arg

Val

595

Met

Val

Ser

Ala

Gln

260

Leu

Cys

Ala

Phe

Val

340

Ala

Val

Arg

Arg

Ala

420

Leu

Arg

Arg

Ser

Val

500

Gly

Arg

Pro

Arg

Gly

580

Ala

Glu

Arg

Asp

Gly
660

Thr

Thr

Glu

Thr

Gly

325

Glu

Ala

Arg

Leu

His

405

Leu

Ala

Arg

Gly

Leu

485

Pro

Ala

Arg

Ser

Ser

565

Ala

Trp

Tyr

Asn

Asp
645

Thr

Arg

Ser

Phe

Gly

310

Ser

Leu

Ala

Ser

Val

390

Glu

Glu

Val

Val

Arg

470

Ala

Val

His

Val

Val

550

Val

Pro

Tyr

Ala

Leu
630

Asp

Tyr

Val Asp Ala Gln Arg Asn Gly Phe Ser
265 270

Glu Ala Arg Ala Gly Leu Ala Pro Pro
280 285

Thr Trp His Arg Asp Ser Val Ser Phe
295 300

Ala Pro Thr Val Leu Pro Arg Pro Thr
315

Gly Glu Ala Val Cys Thr Ala Ala Cys
330 335

Gln Trp Leu Leu Gly Ala Asp Pro Ala
345 350

Ser Gly Gly Pro Cys Pro Gly His Pro
360 365

Ala Leu Pro Leu Ser Arg Glu His Ser
375 380

Gly Tyr Pro Pro Thr Val Pro Val Leu
395

Pro Ala Pro Arg Asp Pro Val Gly Gln
410 415

Trp Ala Gly Ile Ala Ala Gly Ser Ala
425 430

Gly Val Gly Val Tyr Val Arg Arg Ala
440 445

Arg Thr Gly Arg Trp Ala Gly Glu Pro
455 460

Lys Arg Arg Ser Gly Pro Gly Ile Ala
475

Val Ala Leu Ala Arg Val Pro Ala Gly
490 495

Glu Arg Ser Leu Thr Arg Val Asn Pro
505 510

Leu Ala Pro Leu Glu Gln Lys Thr Asp
520 525

Tyr His Val Gln Pro Phe Val Glu Asn
535 540

Pro Val Ala Val Tyr Tyr Ala Val Leu
555

Leu Leu Trp Ala Pro Thr Glu Ala Val
570 575

Glu Ala Thr Arg Pro Asp Ala Arg Tyr
585 590

Arg Thr Ser Asp Asp Cys Ala Ile Pro
600 605

Glu Cys Pro Tyr Asp Arg Pro Leu Gly
615 620

Pro Arg Trp Ser Phe Tyr Asp Asn Phe
635

Leu Gly Leu Val Met His Ala Pro Ala
650 655

Val Arg Leu Val Lys Val Asn Gly Trp
665 670

Ala

Arg

Ser

Ile

320

Val

Pro

Gly

Glu

Glu

400

Gln

Ala

Val

Ala

Ala

480

Gly

Gly

Pro

Pro

Glu

560

Gln

Asn

Ile

Ala

Ser
640

Phe

Val
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352

Glu Val Thr
675

Tyr Thr Leu
690

Val Phe Glu
705

Phe Ile Pro

Ala Gly Trp

Pro Glu Val

755

Glu Asp Glu
770

Ala Ala Gln
785

Thr Ile Gln

Val Gly Ala

Ala Val Tyr

835

Arg Leu Pro
850

Ala Pro Tyr
865

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gln Phe Ile Phe Glu

680

Pro Leu Arg Ile Leu

695

Gln Gly Val Thr Val
710

Glu Asn Gln Arg Ile

725

His Gly Pro Lys Ala

740

Val Glu Thr Ala Asn

760

Asp Glu Gln Ala Pro

775

Leu Pro Pro Asn Trp
790

Gly Pro Ala Pro Ala

805

Leu Ala Gly Ala Gly

820

Leu Val Arg Arg Arg

840

Glu Leu Leu Asp Glu

D NO 108
H: 2604
DNA

855

His Arg Gly

Pro Ala Ala

Asp Gly Ile

715

Val Ala Val
730

Pro Phe Thr
745

Ala Thr Arg

Gly Asp Glu

His Val Pro

795

Pro Ser Gly
810

Leu Ala Ala
825

Ala Arg Ala

Gly Pro Gly

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Lys Gly Pro
685

Cys Leu Arg
700

Gly Met Leu

Tyr Ser Leu

Ser Thr Leu

750

Pro Glu Leu
765

Pro Ala Pro
780

Glu Ala Ser

His Thr Gly

Gly Val Val

830

Ala Gly Lys
845

Pro Ala Arg
860

Cys Arg

Gly Pro

Pro Arg
720

Gln Ala
735

Leu Pro

Ala Pro

Ala Val

Asp Val

800
Ala Ile
815
Val Leu

His Val

Arg Gly

<223> OTHER INFORMATION: pCeHV1-gCgD nucleic acid sequence

<400> SEQUENCE: 108

atggctggat

tgcgetggag

agtcggecag

agctccaatg

gtgagcgece

gactttagac

ggagccgtee

cccaatecgga

cgagtgtatt

gtcgcacgac

ggcacttgga

gtgctggagg

cgggcetgeat

accegegteg

cgggcaggac

ggagggctge

ctggagcacc

geggggtgga

gcacagggcce

tgtacggatc

tgcagatttg

tggtgaacgt

ctgaagccag

ctatcgaagg

agggactgta

cccgggtgag

gagaaccctt

tcagatggtt

acgcacagag

tggccecace

¢gggagcgga

ccgaggggca

gcgagctaac

tggatctact

cagggtggtc

gagggtggcet

caccgetece

agtgaggtgg

cacctteect

cctgtggate

aatgctgegyg

cggggcetact

tgagggcgge

aaatggcettt

cagaaacctyg

ctgtgectgt

gettctacac

cgaactgcag

agtgcccagt

atcggatgta

gcagcegete

cctgatggag

gcagagggag

acacagcggc

agagggcctg

agaccttcac

tgcgtggeag

ggcgaggtgg

tcagccacaa

acctgtgagt

ttgtcctgat

cagctgggcg

caccagcacg

tccggtgeaa

ggctgccacyg

acactgaacc

agctggtgta

ctggaccaga

tggtcatcca

ctgagcgacce

tgagcattcg

ccaactacta

tcgcaccaga

gcactctgac

tcacttggca

gtggetgetg

ccctggagea

agggcgagga

gagaccagac

acctaccgca

agtcgagect

cgacteccgea

tgcacgacce

ggagctgace

actgcggtat

agcacacaca

tcctggegat

gagggtgcag

ctcecgaaget

tcgggattee

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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-continued
gtgtctttta gtaggcgcaa tgcaaccggce geccctacag tgctgccaag acccacaatce 960
gagatggaat ttggatctgg cgaagccgtg tgcactgceg cttgcecgtgcece agaaggagtce 1020
gagctgcagt ggetgetggg agcagatcct gecaccagcetg aggacgcagce agcetagtgga 1080
ggcccatgece ctggacacce tggactggcece agggtgcget cagctcectgece actgagtagg 1140
gaacattcag agtacacttg tcgcctggtg ggctatccte caaccgtgcece tgtcecctggaa 1200
caccatggac gccacgagcc agcccccaga gacccagtgg gacagcaggt caccacagca 1260
ctggaatggg caggaatcgce agcaggaagce gecgcagcaa ttggactgge agtgggagte 1320
ggagtgtacyg tccgacggge agtggcaaga aggcgcecgag tcagaacagg gaggtggget 1380
ggagagccag cacggagagg acgaggacga aagaggcgct caggaccagg cattgctgea 1440
gtgctgctga gectggetgt ggcactggcece cgggtceccag ccgggggagg cgaatacgtg 1500
ccagtcgage gaagectgac ccgggtgaac ccaggcceggt teceggggege ccacctggea 1560
cctectggage agaaaacaga tccccctgac gtgeggeggg tgtaccatgt ccagecctte 1620
gtggaaaatc cttttcagac cccatctgtg cccgtegeeg tgtactatge tgtgctggag 1680
cgagcatgee gaagtgtect getgtgggea ccaaccgaag cagtgcaggt ggtcagggge 1740
geeccagagyg ctacaagacce cgatgectagg tacaacctga cegtggcatg gtatcgcaca 1800
agcgacgatt gtgccatccce catcctggtce atggaatacg ctgagtgccce ctatgataga 1860
cctetgggag cectgtectgt gegcaacctg ccacgatgga gecttctacga caatttttece 1920
gccacatcetg acgatgacct gggcctggtce atgcacgcte ccgcattcga gactgcceggyg 1980
acctatgtga ggctggtcaa ggtgaacgga tgggtcgaag tgactcagtt catctttgag 2040
catagaggga aaggaccatg caggtacacc ctgccactgc gaattctgcce tgcagcttgt 2100
ctgcgaggac ccgtgttcga acagggagtce accgtggacyg gcatcgggat gctgecaagg 2160
tttatcecceg agaatcageg cattgtcgce gtgtatagec tgcaggcagce aggatggcac 2220
ggacctaagg cacccttcac ctceccactectg ctgccacceg aagtggtcga gactgccaac 2280
gctaccagge ctgaactgge cccagaggat gaagacgage aggctcecagg ggatgagect 2340
gcaccagcag tggctgcaca gctgectcca aattggeacg tgccagaggce ctecgacgtg 2400
accatccagg gaccagctcecce tgcaccatct ggacatacag gagcaattgt gggcgccctg 2460
gctggagcag gactggcage tggggtggtce gtgctggcag tgtacctggt cagaaggcgce 2520
gctegegeayg caggcaaaca tgtgagactg cctgaactge tggatgaagg acctggaccce 2580
gctecggagag gagccccata ctga 2604

<210> SEQ ID NO 109
<211> LENGTH: 984

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: VZV-gEgl amino

<400> SEQUENCE: 109

Met Gly Thr Val Asn

1

Ile Ile Thr Gly Thr

Leu Arg Tyr Asp Asp

35

Ser Val Tyr Glu Pro

50

5

20

Lys Pro Val

Leu Arg Ile

Phe His Ile

40

Tyr Tyr His

55

Val Gly Val
10

Thr Asn Pro
25

Asp Glu Asp

Ser Asp His

acid sequence

Leu Met Gly
Val Arg Ala
30

Lys Leu Asp
45

Ala Glu Ser
60

Phe Gly
15
Ser Val

Thr Asn

Ser Trp
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355

-continued

356

65

Tyr

Glu

Arg

Asp

Lys

145

Asp

Glu

Gly

Thr

Thr

225

Lys

Glu

Glu

Leu

Gly

305

Gly

Arg

Glu

Pro
385

Asn

Ser

Glu

Glu

Phe
465

Asn

Ile

His

Leu

Thr

130

Ile

Leu

Glu

Val

Gly

210

Cys

Glu

Ala

Leu

Arg

290

Ser

Asp

Gly

Gly

Ala

370

Thr

Ala

Pro

His

Pro

450

Val

Arg

Trp

His

Met

115

Gly

Val

Asn

Asn

Arg

195

Asp

Phe

Asp

Asp

Glu

275

Thr

Asp

Glu

Ala

Asp

355

Pro

Cys

Pro

His

Ala
435

Ser

Asp

Gly

Pro

Gly

100

Gln

Ile

Asn

Pro

His

180

Tyr

Ala

Gln

Gln

Gln

260

Leu

Glu

Gly

Lys

Glu

340

Thr

Phe

Gln

Gln

Leu
420
Asp

Phe

Thr

Glu

Arg

85

Val

Pro

His

Val

Lys

165

Pro

Thr

Ala

Asp

Leu

245

Pro

Asp

Lys

Thr

Thr

325

Phe

Phe

Asp

Pro

Cys

405

Ala

Asn

Gly

Pro

Ser

Asn

Tyr

Thr

Val

Asp

150

Pro

Phe

Glu

Pro

Val

230

Ala

Trp

Pro

Gln

Ser

310

Arg

His

Ser

Leu

Met

390

Leu

Gln

Tyr

Leu

Glu
470

Ser Arg Lys Ala Tyr Asp His Asn Ser
75

Asp Tyr Asp Gly Phe Leu Glu Asn Ala
90 95

Asn Gln Gly Arg Gly Ile Asp Ser Gly
105 110

Gln Met Ser Ala Gln Glu Asp Leu Gly
120 125

Ile Pro Thr Leu Asn Gly Asp Asp Arg
135 140

Gln Arg Gln Tyr Gly Asp Val Phe Lys
155

Gln Gly Gln Arg Leu Ile Glu Val Ser
170 175

Thr Leu Arg Ala Pro Ile Gln Arg Ile
185 190

Thr Trp Ser Phe Leu Pro Ser Leu Thr
200 205

Ala Ile Gln His Ile Cys Leu Lys His
215 220

Val Val Asp Val Asp Cys Ala Glu Asn
235

Glu Ile Ser Tyr Arg Phe Gln Gly Lys
250 255

Ile Val Val Asn Thr Ser Thr Leu Phe
265 270

Pro Glu Ile Glu Pro Gly Val Leu Lys
280 285

Tyr Leu Gly Val Tyr Ile Trp Asn Met
295 300

Thr Tyr Ala Thr Phe Leu Val Thr Trp
315

Asn Pro Thr Pro Ala Val Thr Pro Gln
330 335

Met Trp Asn Tyr His Ser His Val Phe
345 350

Leu Ala Met His Leu Gln Tyr Lys Ile
360 365

Leu Leu Glu Trp Leu Tyr Val Pro Ile
375 380

Arg Leu Tyr Ser Thr Cys Leu Tyr His
395

Ser His Met Asn Ser Gly Cys Thr Phe
410 415

Arg Val Ala Ser Thr Val Tyr Gln Asn
425 430

Thr Ala Tyr Cys Leu Gly Ile Ser His
440 445

Ile Leu His Asp Gly Gly Thr Thr Leu
455 460

Ser Leu Ser Gly Leu Tyr Val Phe Val
475

Pro

80

His

Glu

Asp

His

Gly

160

Val

Tyr

Cys

Thr

Thr

240

Lys

Asp

Val

Arg

Lys

320

Pro

Ser

His

Asp

Pro

400

Thr

Cys

Met

Lys

Val
480
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358

Tyr

Ala

Asn

Leu

545

Ala

Asn

Ser

Ser

Gly
625

Met

Gly

Leu

705

Arg

Arg

Thr

Asn

Ser

785

Gly

Pro

Asp

Asp

865

Asn

Asn

Phe

Asp

Gly

Pro

530

Ala

Lys

Gln

Glu

His

610

Arg

Ile

Val

Gln

Glu

690

Tyr

Tyr

Tyr

Glu

Asp

770

Thr

His

Tyr

Ala

Leu
850
Val

His

Asp

Asn

His

Gln

515

Gly

Ala

Arg

Ser

Ser

595

Gly

Lys

Phe

Ser

Asn

675

Gln

Ala

Asp

Lys

Pro

755

Ala

Asp

Asn

Ser

Thr

835

Arg

Val

Val

Pro

Gly

Phe

500

Pro

Thr

Val

Met

Met

580

Thr

Gly

Arg

Tyr

Leu

660

Asp

Leu

Asp

Gly

His

740

Asp

Gly

Gly

Ile

Thr

820

Pro

Ala

Thr

Tyr

Pro

His

485

Val

Pro

Ser

Val

Arg

565

Tyr

Asp

Ser

Arg

Ile

645

Gln

Asn

Pro

Thr

Cys

725

Ser

Ala

Val

Phe

His

805

Arg

Lys

Gly

Thr

Pro
885

Glu

Val

Asn

Ala

Pro

Leu

550

Val

Tyr

Thr

Ser

Ser

630

Gln

Val

Tyr

Thr

Val

710

Pro

Trp

Gly

Tyr

Ile

790

Gly

Ala

Gly

Lys

Glu
870

Thr

Asn

Glu

Ala

Thr

Leu

535

Leu

Lys

Ala

Glu

Tyr

615

Met

Val

Asn

Thr

Gly

695

Ala

Arg

His

Val

Val

775

Leu

Val

Leu

Ser

Ser
855
Thr

Asp

Leu

Ala

Ile

Thr

520

Leu

Cys

Ala

Gly

Glu

600

Thr

Phe

Thr

Ser

Glu

680

Thr

Phe

Ile

Tyr

Met

760

Leu

Gly

Ile

Phe

Gly

840

Leu

Lys

Met

Leu

Val

Glu

505

Lys

Arg

Leu

Tyr

Leu

585

Glu

Val

Leu

Asn

Ser

665

Ile

Asn

Cys

Arg

Gly

745

Leu

Leu

Val

Tyr

Gln

825

Thr

Glu

Ser

Ser

Ile

Ala

490

Glu

Pro

Tyr

Val

Arg

570

Pro

Phe

Tyr

Ile

Ala

650

Leu

Lys

Tyr

Phe

Thr

730

Asn

Lys

Val

Asn

Thr

810

Gln

Ser

Asp

Val

Thr
890

Ile

Tyr

Arg

Lys

Ala

Ile

555

Val

Val

Gly

Ile

Gln

635

Leu

Thr

Gly

Ser

Arg

715

Ser

Ser

Ile

Arg

Val

795

Ser

Ala

Leu

Asn

Val
875

Leu

Ile

Thr

Gly

Glu

Ala

540

Phe

Asp

Asp

Asn

Asp

620

Cys

Ile

Ser

Gln

Gly

700

Ser

Ala

Thr

Thr

Leu

780

Tyr

Pro

Arg

Phe

Pro
860
Lys

Pro

Pro

Val Val Ser

Phe

Ile

525

Trp

Leu

Lys

Asp

Ala

605

Lys

Leu

Phe

Ile

Leu

685

Thr

Val

Phe

Asp

Lys

765

Asp

Thr

Ser

Leu

Gln

845

Trp

Glu

Glu

Ile

Pro

510

Thr

Thr

Ile

Ser

Phe

590

Ile

Thr

Ile

Lys

Leu

670

Val

Leu

Gln

Ile

Arg

750

Pro

His

Ala

Leu

Cys

830

His

Leu

Gly

Lys

Val

495

Pro

Pro

Gly

Cys

Pro

575

Glu

Gly

Arg

Ser

Gly

655

Ile

Phe

Glu

Val

Ser

735

Ile

Gly

Ser

Gly

Gln

815

Asp

Met

His

Ile

Ser
895

Ala

Thr

Thr

Val

Gly

Thr

560

Tyr

Asp

Gly

Arg

Ala

640

Asp

Pro

Ile

Leu

Ile

720

Cys

Ser

Ile

Arg

Ser

800

Asn

Leu

Leu

Glu

Glu
880

Leu

Ser
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360

-continued
900 905 910
Val Met Ile Leu Thr Ala Met Val Ile Val Ile Val Ile Ser Val Lys
915 920 925
Arg Arg Arg Ile Lys Lys His Pro Ile Tyr Arg Pro Asn Thr Lys Thr
930 935 940
Arg Arg Gly Ile Gln Asn Ala Thr Pro Glu Ser Asp Val Met Leu Glu
945 950 955 960
Ala Ala Ile Ala Gln Leu Ala Thr Ile Arg Glu Glu Ser Pro Pro His
965 970 975
Ser Val Val Asn Pro Phe Val Lys
980
<210> SEQ ID NO 110
<211> LENGTH: 2976
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: VZV-gEgl nucleic acid sequence
<400> SEQUENCE: 110
aagcttgcca ccatgggaac tgtcaacaaa cctgtegteg gegtgctgat gggettegge 60
attattactg gaacactgag aatcacaaat cctgtccggg cctetgtget geggtacgac 120
gatttccaca tcgacgaaga taagctggac accaatagtg tgtatgagcc ctactatcac 180
tcagatcatg ctgaaagctc ctgggtcaac cgeggggagt ctagtcgaaa agcatacgac 240
cacaacagcce cctatatctg gectagaaat gactacgatg gatttctgga aaacgcccat 300
gagcaccatyg gcgtgtataa tcagggaagg ggcattgact cecggagaacg cctgatgcag 360
cccacccaga tgtctgcetca ggaggatctg ggagacgata ctggcatcca cgtgattcect 420
accctgaatg gcgacgatag acataagatc gtcaacgtgg atcagaggca gtacggcgac 480
gtgttcaagyg gggatctgaa tcctaaacca caggggcaga ggctgattga ggtcagegtg 540
gaggaaaacc accctttcac cctgegggcece ccaatccaga gaatctacgg cgtgaggtat 600
actgagacct ggagttttct gccatcactg acatgcactyg gggacgcage tccagcetate 660
cagcacattt gcctgaagca taccacatgt tttcaggacyg tggtcgtgga cgtggattgt 720
gctgaaaata caaaagagga tcagctggca gaaatctctt acagattcca gggcaagaaa 780
gaggccgate agccctggat tgtcgtgaac accagcacac tgtttgacga actggagetg 840
gatcccectyg aaatcgagece tggegtgetg aaggtectge ggaccgagaa acagtacctg 900
ggggtgtata tttggaacat gagaggcagc gacgggactt ccacctacgce caccttectg 960
gtgacatgga agggggatga aaaaactcgc aatcccaccce ctgcagtgac accacagccce 1020
cgaggggcag agtttcacat gtggaactat cactctcatg tgttcagtgt cggagacacc 1080
ttttctetgg ccatgcacct gcagtacaag atccatgaag ctcectttcecga ccectgetgetg 1140
gagtggctgt atgtgcctat tgatccaacc tgccagccaa tgaggctgta cagcacatgt 1200
ctgtatcacc ccaatgcccecce tcagtgectg tcacatatga acagcggctg taccttcacce 1260
agccctcecace tggcacagceg agtggcttce accgtctacce agaactgcga acatgctgac 1320
aattacacag catattgtct gggcatcagc cacatggagc catccttcgg getgattcetg 1380
catgacggcg ggactaccct gaagtttgtg gatacacccg aaagtctgte agggctgtac 1440
gtcttegteg tgtattttaa tggacacgtg gaggcagtceg cctacactgt cgtgagcacce 1500
gtggatcatt tcgtcaacgc catcgaggaa aggggatttc caccaaccgc aggacagcect 1560
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362

-continued
ccagctacaa ctaagccaaa agagattact ccagtgaacc caggaacctce cccactgcetg 1620
cgatatgcag catggaccgg aggactggct gcagtcgtge tgctgtgcct ggtcatctte 1680
ctgatttgta cagctaagcg aatgcgggtg aaagcataca gggtcgacaa gtctccttat 1740
aatcagagta tgtactatgc tggactgcca gtggacgatt tcgaagacag cgagtccacc 1800
gatacagagyg aagagtttgg aaacgcaatc ggaggatccce acggagggtc aagctacaca 1860
gtgtatattg ataagactcg gagaggacgc aaaaggcgct ctatgtttct gatccagtge 1920
ctgattagtg cagtgatctt ctacattcag gtcaccaatg ccctgatctt taagggcgac 1980
cacgtgtcac tgcaggtcaa ctcctcectcectg actagcattce tgatccctat gcagaacgat 2040
aattataccg aaatcaaagg acagctggtg ttcattggcg agcagctgcce aactggaacc 2100
aattacagcg gcacactgga gctgctgtat gcagacactg tggccttctg tttteggtcece 2160
gtccaggtca tcagatacga tggctgcccce agaatcagga cttceccgectt tatttettgt 2220
aggtacaagc acagctggca ttatggaaat tcaaccgacce gcatcagcac agagcccgat 2280
gccggcegtga tgctgaagat caccaaacct gggattaacg acgctggagt ctacgtgetg 2340
ctggtgcgece tggaccactce tcgaagtaca gatgggttca tcctgggagt caatgtgtat 2400
actgccggga gccaccataa catccatggce gtgatctaca cttcacctag cctgcagaac 2460
ggctattcca cccgagcact gttccagcag gcacgactgt gcgacctgcece tgcaaccceca 2520
aaggggtccg gaacatctcect gtttcagcac atgctggatce tgcgggccgg gaaatctcetg 2580
gaggacaatc catggctgca tgaagatgtc gtgaccacag agacaaagag tgtcgtgaaa 2640
gaaggaatcg agaaccacgt gtaccccaca gacatgtcca ctcectgcectga aaagtctcetg 2700
aacgatcccce ctgagaatct getgatcatt atccccatecg tggccagtgt catgattctg 2760
accgctatgg tcattgtgat cgtcatttca gtgaagcgac ggagaatcaa gaaacaccca 2820
atctaccgge ccaatacaaa aactaggcege ggcatccaga acgccacacce agaatccgac 2880
gtgatgctgg aggccgctat cgctcagetg gcaactatta gagaagagag tccaccccat 2940
tcagtcgtga accccttegt gaaatgataa ctcgag 2976

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 111
H: 591
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: VZV-gC

<400> SEQUENCE: 111

Met Ser Lys
1

Asn Leu Leu
Lys Arg Ile
35

Ser Thr Glu
50

Ser Ala Ala
65

Ala Ser Arg

Arg Lys Pro

Lys Thr Phe Pro Ser

5

Phe Lys Gly Ser Val

20

Gln Ile Asn Leu Ile

40

Ser Gln Pro Thr Pro

55

Thr Arg Lys Pro Asp

Lys Pro Asp Pro Ala

85

Asp Pro Ala Val Ala

100

amino acid sequence

Phe

Asp

25

Leu

Val

Pro

Val

Pro
105

Lys
10
Val

Thr

Ser

Ala

Ala

90

Thr

Phe

Ser

Ile

Ile

Val

75

Pro

Ser

Arg Gly Gly
Ile Lys Thr
30

Ala Cys Ile
45

Thr Glu Leu
60

Ala Pro Thr

Thr Ser Ala

Ala Ala Thr
110

Cys Phe
15

Arg Met

Gln Leu

Tyr Thr

Ser Ala

80

Ala Thr
95

Arg Lys
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364

Pro

Pro

145

Pro

Gly

Met

Thr

225

Trp

Arg

Met

Leu

Ile

305

Met

Lys

Tyr

Thr

385

Ile

Ser

Ala

Lys

Ser

465

Pro

Asn

Phe

Asp

Ala

130

Ala

Thr

Ser

Ile

Arg

210

Tyr

Lys

His

Pro

Ile

290

Pro

Asp

Thr

Arg

Tyr

370

Arg

Thr

Ala

Ile

Tyr

450

Ile

Arg

His

Val

Pro

115

Val

Pro

Ser

Gln

Gln

195

Leu

Glu

Ser

Leu

Asp

275

Asn

Asp

Ala

Lys

Pro

355

Ala

Val

Asp

Val

Gln

435

Ser

Gly

Gly

Glu

Asn
515

Ala

Ala

Thr

Ala

Pro

180

Ser

Thr

Gln

Leu

Ile

260

Leu

Asn

Val

Thr

Asn

340

Asn

Ala

Arg

Ala

Arg

420

Cys

Ala

Ile

Val

Asn

500

Met

Val

Pro

Ser

Ala

165

Pro

Ile

Thr

Tyr

Ile

245

Asp

Pro

Pro

Lys

Thr

325

Val

Ile

Tyr

Trp

Ile

405

Ile

Asn

Val

Ile

Val

485

Ser

Gln

Ala

Thr

Ala

150

Ser

Phe

Pro

Gly

Ser

230

Arg

Pro

Val

Glu

Thr

310

Glu

Ile

Thr

Cys

Thr

390

Gln

Pro

Val

Val

Asp
470
His

Glu

Ser

Pro

Ser

135

Ala

Arg

Leu

Tyr

Gln

215

Leu

Pro

His

Met

Ile

295

Thr

Gly

Ser

Val

Asn

375

Ser

Glu

Gln

Leu

Thr

455

Gly

Phe

Ile

Ser

Thr

120

Ala

Thr

Lys

Tyr

Phe

200

Gln

Asp

Asp

Arg

Leu

280

Phe

Ser

Thr

Glu

Val

360

Val

Arg

Tyr

Gln

Trp

440

Pro

His

Val

Thr

Cys
520

Ser

Ala

Arg

Pro

Glu

185

His

Ala

Pro

Leu

Gln

265

Tyr

Thr

Asp

Tyr

His

345

Gly

Ser

Phe

Ala

Lys

425

Ile

Asp

Ile

Trp

Gly

505

Pro

Ala

Thr

Lys

Asp

170

Asn

Thr

Ala

Glu

His

250

Leu

Ser

His

Phe

Ile

330

Ser

Asp

Lys

Gly

Asn

410

Gln

Arg

Val

Val

Trp

490

Val

Thr

Ala

Arg

Pro

155

Pro

Ile

Phe

Phe

Gly

235

Ile

Gly

Asn

Ala

Ser

315

Trp

Ile

Pro

Tyr

Asn

395

Gly

Met

Asp

Tyr

Cys

475

Val

Cys

Ser

Thr

Lys

140

Asp

Ala

Gln

Ile

Lys

220

Ser

Glu

Asn

Ser

Lys

300

Val

Arg

Thr

Val

Tyr

380

Ile

Leu

Asp

Gly

Pro

460

Thr

Asn

Asp

Glu

Arg

125

Pro

Pro

Ala

Cys

Met

205

Gln

Asn

Val

Ala

Ala

285

Glu

Thr

Val

Val

Leu

365

Pro

Gly

Phe

Tyr

Val

445

Phe

Ala

Asp

Gln

Leu
525

Lys

Asp

Ala

Asn

Val

190

Pro

Gln

Ile

Trp

Leu

270

Asp

Asn

Ile

Val

Thr

350

Thr

Pro

Lys

Ser

Pro

430

Ser

Pro

Lys

Ser

Asn
510

Asp

Pro

Pro

Val

Thr

175

His

Cys

Gln

Thr

Phe

255

Ile

Leu

Tyr

Leu

Asn

335

Thr

Gly

His

Asn

Tyr

415

Pro

Asn

Asn

Cys

Pro

495

Lys

Gly

Asp

Ala

Ala

160

Gln

Gly

Tyr

Lys

Arg

240

Thr

Arg

Asn

Val

Ser

320

Thr

Tyr

Gln

Ser

Phe

400

Val

Pro

Met

Val

Val

480

Ile

Arg

Pro
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365 366

-continued

Ile Thr Tyr Ser Cys His Leu Asp Gly Tyr Pro Lys Lys Phe Pro Pro
530 535 540

Phe Ser Ala Val Tyr Thr Tyr Asp Ala Ser Thr Tyr Ala Thr Thr Phe
545 550 555 560

Ser Val Val Ala Val Ile Ile Gly Val Ile Ser Ile Leu Gly Thr Leu
565 570 575

Gly Leu Ile Ala Val Ile Ala Thr Leu Cys Ile Arg Cys Cys Ser
580 585 590

<210> SEQ ID NO 112

<211> LENGTH: 1797

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: VZV-gC nucleic acid sequence

<400> SEQUENCE: 112

aagcttgeca ccatgtcaaa gaagactttt ccttecatteca aattcegggg cggetgttte 60
aacctgetgt tcaaagggag cgtggatgtg tcaatcaaaa ccaggatgaa gcgcatccag 120
attaacctga tcctgacaat tgectgtate cagetgtcaa cegagageca gceccacacct 180
gtgagcatca ctgaactgta cacctccgca gctacacgaa agccagaccce agetgtggea 240
ccaaccteeg cagectceteg aaaacctgat ccagecgtgg ctectactte cgetgcaacce 300
cgaaagccag accctgecagt ggcaccaaca tctgecgceta ctagaaaacce agatccceget 360
gtggcaccca ccagtgcage cacaaggaag cctgaccctg ctgtggetece tacttetget 420
gcaacccegca aacccgatee tgcagtggece ccaacaagceg ccgctacteg aaagecagac 480
ccegetgtgg cacccacaag tgcagectca cggaaacctg atccagetge aaacactcag 540
cacagccage ccecttttet gtacgagaat attcagtgtg tgcacggegg gattcagtece 600
atcccctact tccatacctt tatcatgect tgetatatga ggetgaccac aggccagcag 660
gecgetttta agcagcagca gaaaacatac gagcagtata gtetggacce tgaagggtca 720
aacatcacce gatggaagte cctgattegg ccagacctge acatcgaagt gtggttcaca 780
agacacctga ttgatcccca taggcagetg ggcaatgecce tgatcegeat gecagacctg 840
ccegtgatge tgtactctaa cagtgecgat ctgaatctga ttaacaatce tgagatctte 900
acccatgcta aggaaaacta tgtgattcca gacgtcaaaa ctaccagega ttttteegtg 960

acaattctga gcatggacgc cacaactgag gggacttaca tctggagagt ggtcaacaca 1020

aagactaaga acgtgatctc tgaacacagt atcactgtca ccacatacta taggccaaac 1080

atcaccgtgg tcggagatcc agtgctgacce ggacagacat acgcagccta ttgtaatgtce 1140

tctaagtact atccacccca tagtgtgcgg gtcagatgga cttcacggtt cggaaacatt 1200

ggcaaaaatt ttattaccga cgctatccag gagtacgcaa atgggctgtt ttcatatgtg 1260

agcgccegtece gecatcccaca gcagaagcag atggactatc ctccacccge tattcagtgce 1320

aacgtgctgt ggatccgaga tggagtctcce aatatgaaat actctgccgt ggtcacacct 1380

gacgtgtatc ccttcecctaa cgtcagcatt ggcatcattg atgggcacat cgtgtgcacce 1440

gcaaagtgtg tcceccececgggg agtggtcecac tttgtgtggt gggtcaatga cagccctatt 1500

aaccatgaga attccgaaat caccggcgtg tgcgatcaga acaaaagatt cgtcaatatg 1560

cagagctect gtcctacatce agagctggac gggccaatca cttacagctg ccatctggat 1620

ggatatccca agaaattcce tccattttece gecgtgtaca cttatgatgce atctacctac 1680
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367 368

-continued

gccactacct tcagtgtggt cgccgtgatc attggcgtca tetctattcect ggggaccctg 1740

ggactgattg ccgtgatcge tacactgtgce atcagatgct gtagctgata actcgag 1797

<210> SEQ ID NO 113

<211> LENGTH: 340

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: VZV-gK amino acid sequence

<400> SEQUENCE: 113

Met Gln Ala Leu Gly Ile Lys Thr Glu His Phe Ile Ile Met Cys Leu
1 5 10 15

Leu Ser Gly His Ala Val Phe Thr Leu Trp Tyr Thr Ala Arg Val Lys
20 25 30

Phe Glu His Glu Cys Val Tyr Ala Thr Thr Val Ile Asn Gly Gly Pro
35 40 45

Val Val Trp Gly Ser Tyr Asn Asn Ser Leu Ile Tyr Val Thr Phe Val
Asn His Ser Thr Phe Leu Asp Gly Leu Ser Gly Tyr Asp Tyr Ser Cys
65 70 75 80

Arg Glu Asn Leu Leu Ser Gly Asp Thr Met Val Lys Thr Ala Ile Ser
85 90 95

Thr Pro Leu His Asp Lys Ile Arg Ile Val Leu Gly Thr Arg Asn Cys
100 105 110

His Ala Tyr Phe Trp Cys Val Gln Leu Lys Met Ile Phe Phe Ala Trp
115 120 125

Phe Val Tyr Gly Met Tyr Leu Gln Phe Arg Arg Ile Arg Arg Met Phe
130 135 140

Gly Pro Phe Arg Ser Ser Cys Glu Leu Ile Ser Pro Thr Ser Tyr Ser
145 150 155 160

Leu Asn Tyr Val Thr Arg Val Ile Ser Asn Ile Leu Leu Gly Tyr Pro
165 170 175

Tyr Thr Lys Leu Ala Arg Leu Leu Cys Asp Val Ser Met Arg Arg Asp
180 185 190

Gly Met Ser Lys Val Phe Asn Ala Asp Pro Ile Ser Phe Leu Tyr Met
195 200 205

His Lys Gly Val Thr Leu Leu Met Leu Leu Glu Val Ile Ala His Ile
210 215 220

Ser Ser Gly Cys Ile Val Leu Leu Thr Leu Gly Val Ala Tyr Thr Pro
225 230 235 240

Cys Ala Leu Leu Tyr Pro Thr Tyr Ile Arg Ile Leu Ala Trp Val Val
245 250 255

Val Cys Thr Leu Ala Ile Val Glu Leu Ile Ser Tyr Val Arg Pro Lys
260 265 270

Pro Thr Lys Asp Asn His Leu Asn His Ile Asn Thr Gly Gly Ile Arg
275 280 285

Gly Ile Cys Thr Thr Cys Cys Ala Thr Val Met Ser Gly Leu Ala Ile
290 295 300

Lys Cys Phe Tyr Ile Val Ile Phe Ala Ile Ala Val Val Ile Phe Met
305 310 315 320

His Tyr Glu Gln Arg Val Gln Val Ser Leu Phe Gly Glu Ser Glu Asn
325 330 335

Ser Gln Lys His
340
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-continued
<210> SEQ ID NO 114
<211> LENGTH: 1044
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: VZV-gK nucleic acid sequence
<400> SEQUENCE: 114
aagcttgcca ccatgcaggce actgggaatc aaaaccgaac acttcatcat catgtgtcetg 60
ctgtcaggge acgccegtett cactctgtgg tacactgcta gggtgaagtt cgagcacgaa 120
tgegtetacyg ccaccacagt gatcaatgge gggecagtgyg tetgggggag ttacaacaat 180
tcactgatct acgtcacatt cgtgaatcat tctactttte tggacggget gageggatac 240
gattattcct gtecgcgagaa cctgetgtca ggagacacaa tggtgaagac tgctatcage 300
accceectge acgataaaat cagaattgtg ctgggcacaa ggaactgcca tgcatatttt 360
tggtgtgtge agctgaagat gatcttettt gectggtteg tgtacgggat gtatctgcag 420
tttecggagaa tcaggcgcat gttcggacct tttagaaget cctgcgaact gatttcccca 480
acttcataca gcctgaatta tgtcacccge gtgatctcta acattctget gggctaccce 540
tatactaaac tggctcgact getgtgtgac gtetctatge gacgggatgyg catgagtaag 600
gtgttcaatyg cagaccctat cagctttctg tacatgcaca aaggggtcac cctgctgatg 660
ctgctggaag tgatcgecca tatttctagt ggetgcattyg tectgetgac cctgggggtyg 720
gcatacacac catgtgccct gctgtaccce acctatatcce gaattcetgge ctgggtggte 780
gtgtgcacac tggctatcgt cgaactgatt tcctatgtge ggcccaagec tacaaaagat 840
aaccacctga atcatatcaa cactggaggc atcagaggaa tttgcactac ctgctgtget 900
accgtgatga gtggectgge aattaagtgt ttctacateg tgatttttge catcgetgte 960
gtgattttca tgcactatga gcagcgcgtc caggtgagec tgtttggcga gtccgaaaac 1020
tctcagaaac attgataact cgag 1044
40

The invention claimed is:

1. A nucleic acid molecule comprising a coding sequence
for a herpes virus antigen encoding one or more proteins
selected from the group consisting of:

a protein comprising VZV-gH (N-terminal region up to

position 841 of SEQ ID NO:99);

a protein comprising VZV-gl. (C-terminal region from

position 849 of SEQ 1D NO:99);

a protein comprising VZV-gE (N-terminal region up to

position 623 of SEQ ID NO:109);

a protein comprising VZV-gl (C-terminal region from

position 631 of SEQ ID NO:109); and

a protein comprising SEQ ID NO:111.

2. The nucleic acid molecule of claim 1, wherein the
nucleic acid molecule further comprises an additional
nucleotide sequence that encodes a different herpes virus
antigen selected from the group consisting of: HCMV gB,
HCMV gM, HCMV gN, HCMV gH, HCMV gl., HCMV
g0, HCMV-UL131la, HCMV-UL130, HCMV-ULI128,
HCMV-UL83, HSV1-gB, HSV1-gH, HSV1-gl, HSV1-gC,
HSV1-gD, HSV2-gB, HSV2-gH, HSV2-gl., HSV2-gC,
HSV2-gD, VZV-gB, VZV-gH, VZV-gl., VZV-gM, VZV-
gN, VZV-gE, VZV-gl, VZV-gC, VZV-gK, CeHV1-gB,
CeHV1-gH, CeHV1-gl, CeHV1-gC, and CeHV1-gD.

3. A nucleic acid molecule comprising a coding sequence
for a herpes virus antigen selected from the group consisting
of:

45
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a nucleotide sequence comprising SEQ ID NO:98; a
nucleotide sequence that is at least 95% homologous to
SEQ ID NO:98;

a nucleotide sequence comprising nucleotides 13-2535 of
SEQ ID NO:100, encoding VZV-gH; a nucleotide
sequence that is at least 95% homologous to nucleo-
tides 13-2535 of SEQ ID NO:100, encoding VZV-gH;

a nucleotide sequence comprising nucleotides 2557-3033
of SEQ ID NO:100, encoding VZV-gl.; a nucleotide
sequence that is at least 95% homologous to nucleo-
tides 2557-3033 of SEQ ID NO:100, encoding VZV-
gl;

a nucleotide sequence comprising nucleotides 13-1317 of
SEQ ID NO:102, encoding VZV-gM; a nucleotide
sequence that is at least 95% homologous to nucleo-
tides 13-1317 of SEQ ID NO:102, encoding VZV-gM;

a nucleotide sequence comprising nucleotides 1339-1599
of SEQ ID NO:102, encoding VZV-gN; a nucleotide
sequence that is at least 95% homologous to nucleo-
tides 1339-1599 of SEQ ID NO:102, encoding VZV-
gN;

a nucleotide sequence comprising nucleotides 13-1881 of
SEQ ID NO:110, encoding VZV-gE; a nucleotide
sequence that is at least 95% homologous to nucleo-
tides 13-1881 of SEQ ID NO:110, encoding VZV-gE;

a nucleotide sequence comprising nucleotides 1903-2964
of SEQ ID NO:110, encoding VZV-gl; a nucleotide
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sequence that is at least 95% homologous to nucleo-
tides 1903-2964 of SEQ ID NO:110, encoding VZV-gl;

a nucleotide sequence comprising SEQ ID NO:112; a
nucleotide sequence that is at least 95% homologous to
SEQ ID NO:112;

a nucleotide sequence comprising SEQ ID NO:114; and a
nucleotide sequence that is at least 95% homologous to
SEQ ID NO:114.

4. The nucleic acid molecule of claim 3, comprising one
or more nucleotide sequences selected from the group
consisting of: SEQ ID NO:98; a nucleotide sequence com-
prising nucleotides 13-2535 of SEQ ID NO:100, encoding
VZV-gH; a nucleotide sequence comprising nucleotides
2557-3033 of SEQ ID NO:100, encoding VZV-gL.; a nucleo-
tide sequence comprising nucleotides 13-1317 of SEQ ID
NO:102, encoding VZV-gM; a nucleotide sequence com-
prising nucleotides 1339-1599 of SEQ ID NO:102, encoding
VZV-gN a nucleotide sequence comprising nucleotides
13-1881 of SEQ ID NO:110, encoding VZV-gE; a nucleo-
tide sequence comprising nucleotides 1903-2964 of SEQ ID
NO:110, encoding VZV-gl; SEQ ID NO:112; and SEQ ID
NO:114.

5. The nucleic acid molecule of claim 4, wherein the
nucleic acid molecule is a DNA plasmid.

6. The nucleic acid molecule of claim 3, wherein the
nucleic acid molecule further comprises an additional
nucleotide sequence that encodes a different herpes virus
antigen selected from the group consisting of: HCMV gB,
HCMV gM, HCMV gN, HCMV gH, HCMV gl., HCMV
g0, HCMV-UL131la, HCMV-UL130, HCMV-ULI128,
HCMV-UL83, HSV1-gB, HSV1-gH, HSV1-gl, HSV1-gC,
HSV1-gD, HSV2-gB, HSV2-gH, HSV2-gl., HSV2-gC,
HSV2-gD, VZV-gB, VZV-gH, VZV-gl., VZV-gM, VZV-
gN, VZV-gE, VZV-gl, VZV-gC, VZV-gK, CeHV1-gB,
CeHV1-gH, CeHV1-gl, CeHV1-gC, and CeHV1-gD.

7. The nucleic acid molecule of claim 6, wherein the
nucleic acid molecule comprises a coding sequence for a
VZV antigen, and wherein the additional nucleotide
sequence encodes a herpes virus antigen selected from
VZV-gB, VZV-gH, VZV-gl., VZV-gM, VZV-gN, VZV-gE,
VZV-gl, VZV-gC, or VZV-gK.

8. The nucleic acid molecule of claim 3, wherein the
nucleic acid molecule is a plasmid.
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9. The nucleic acid molecule of claim 3, wherein the
nucleic acid molecule is an expression vector, and the coding
sequence is operably linked to regulatory elements.

10. The nucleic acid molecule of claim 3, wherein the
nucleic acid molecule is incorporated into a viral particle.

11. A composition comprising one or more nucleic acid
molecules of claim 3.

12. A method of inducing an immune response against a
herpes virus antigen comprising administering a nucleic acid
molecule of claim 3 to an individual.

13. A method of protecting an individual from herpes
virus infection comprising administering a nucleic acid
molecule of claim 3 to an individual.

14. A method of protecting an individual who has been
diagnosed with herpes virus infection comprising adminis-
tering a nucleic acid molecule of claim 3 to an individual.

15. A protein selected from the group consisting of:

a protein comprising VZV-gH (N-terminal region up to

position 841 of SEQ 1D NO:99);

a protein comprising VZV-gl, (C-terminal region from

position 849 of SEQ 1D NO:99);

a protein comprising VZV-gE (N-terminal region up to

position 623 of SEQ ID NO:109);

a protein comprising VZV-gl (C-terminal region from

position 631 of SEQ ID NO:109); and

a protein comprising SEQ ID NO:111.

16. A method of inducing an immune response against a
herpes virus infection comprising delivering to an individual
a protein of claim 15.

17. A method of treating an individual who has been
diagnosed with herpes virus infection comprising delivering
to said individual a protein of claim 15.

18. The nucleic acid molecule of claim 1, wherein the
nucleic acid molecule is a plasmid.

19. The nucleic acid molecule of claim 1, wherein the
nucleic acid molecule is an expression vector, and the coding
sequences encoding said one or more proteins are operably
linked to regulatory elements.

20. A composition comprising a nucleic acid molecule of
claim 1.



